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Implications If Adopted
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Whether the Nation’s measurement system
should be changed is a question still un-
resolved. GAO has looked into the subject
of metrication--conversion to the metric
system of measurement. This report pro-
vides the Congress, the Administration, the
newly formed U.S. Metric Board, and in
turn all Americans with a better under-
standing of the issues involved.
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WASHINGTON, D:C. 20548 S X
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To the President of the Senate and the
Speaker of the House of Representatives

This report discloses the implications if the United
States converts to the metric system of weights and mea-
sures. Also, it discusses the conversion experiences of

other countries.
. /

We made-buﬁ review pursuant to the Budget and Account-
ing Act, 1921 (31 U.S.C. 53). o ,

We are sending copies of this report to the Chairman
of the U.S. Metric Board; Director, Office of Management
and Budget; the Secretaries of Commerce, Transportation,
Treasury, and Health, Education, and Welfare; other Federal
and State government officials; and officials of associa-

tions and private companies.
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repair ‘automobiles . and other productsi new . T
-sizés for bBeveragés,; food, andiclothingjiihew Fiv:
recipes . in ‘the ‘Kitchen; and revised educational

materialsi Of coursé, it does not mean that
all sizes, distances, and weights actually
would change (although a great many would); but
the terminology and numbers used to' express’
them would. The change would not necessarlly
be sudden and complete.. =~ .~ k L

L Metrication would affect Americans at work,-
~.in ‘school,: at home, in shopplng» ‘and “in thelir
slelisure "activities.  Every onganlzatlo :

“firm,
industry, -and level of: ‘governmént woul feel
its.impact. «The impact -would: surprlse many

‘Amer fcans. and -affect them:allin ‘many and

varied ways. ' ‘No country with an’ economy and
population anywhere near the''size of ‘the United
States has converted to the metrlc system. .

‘HA DECISION HAS NOT BEEN MADE

Many believe a decision has already been made
to radopt the metric system in the ‘United States.
In fact many think converigion is mandatory,
especially small businesses and the general

‘public. Responses to GAO's questionnaires

showed that 42 percent of the small bus1nesses

- and: 30 percent ‘of ‘the building and: constructlon

assoc1atlons, and 23 percent of ‘the people
contacted 'in a public oplnlon poll conducted
for GAO, believed conversion to’ the metric sys-
tem is mandatory. Less than 20 percent knew
what the national policy is.” The ‘passage of
the Metric Conversion ‘Act of 1075, with its

»prov131on of establlshlng a UJs. Metric: Board,

is cited by many as being an-official national
commitment. Just the name of the act connotes
conversion.. - Despite'opinlons and statements
to the contrary, it is not the current United
States policy to convert from the present cus-
tomary system ‘to' the metric 'system. - °

The 1975 Act and its legislative hlstory show
the national policy  is not to prefer one system
over the: other but’"to provide for either to

be predominant on the basis of the voluntary

actlons of those affected

'The Metrlc Board s respon51b111ty under the

act is to devise'and carry out a broad program
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‘of planning, coordination, and public educatlon,

consistent with other national:policy and:inter-
ests, with the aim of 1mp1ement1ng the policy .
set forth in the act. It is to serve as a

focal pointfor voluntary conversions to-the-

‘metric system.: The Board is not to;advocate

metrication but is to assist’various. sectors

when, and if, they choose to convert. At the
time this report went to prlnt, the Board had
not become fully operatlonal : ARSI,

THE INEVITABILITY SYNDROME‘

Thererqs 1nsufflclent evidence to support or-

~refute the belief by some that conversion to

the metric system. by the Unlted States is -
1nev1table. : .

A majorlty of the larqe and small bu81nesses
and building and constructlon associations
resoondlng to GAO's guestionnaires believe
‘conversion to the metric system -is' inevitable
for their industries. Also, a majority of
State governments believe. metrication is~™
1nev1table for themselves. ' R

These bellefs, as much as: any percelved bene—
fit, have been ‘a’ pr1n01pa1 impetus for conver-
sion activity in' the United States. - However
as more people:believe in inevitability and.
‘convert because-of this belief, conversion: to
the metric system accelerates.

Several factors and beliefs have contributed
to thls 1nev1tab111ty syndrome 1nc1ud1ng

-—Passage of the Metric Convers1on Act of 1975
and its major prov151on for a U.S. Metric
‘Board. The name of the act connotes conver-
sion.: : : : R R

--Actions taken by some Federal agencies, such
as the Federal nghway Administration which
ttempted ‘to require conversion of highway
signs, the National Weather Service's plan
to use the metric system for weather report-

ing, and the suggestion by the Department
of Agriculture to convert meat and poultry
labels. , v ,
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’——The decision to convert by some of the
"giants" of industry and the- effect .on cus-
tomers and suppllers. : 3

——The 1971 Natlonal Bureau of Standards report
~“which stated that there was no guestion that
the United States should convert w1th1n a 10—
year perlod e

I 0|

- _ ——Proposed 1eqlslat10n in. the early 1970s whlch
: called for a predomlnantly metrlc America with-
in 10 years. : ‘ .

~--Publicity about'metric: projects-and: activi-

© ties and the dlstrlbutlon of metrlc 1nforma-
tion and. charts. : e ; ' -

--The increase in metric instruction in school
programs throughout the country-with. many -
setting target dates--1980 for 13 States—-.
when their school systems':are to be teaching
the metric system as the predomlnant system.

1] ) e A TR

AR 01 41 R

VOLUNTARY CONVERSION

ST

The United States has a Dollcy of allow1ng
for voluntary conversion--a choice of.con—
~'verting: or not converting. This has been
the policy since 1866 when the metric sys-
tem was authorized. .. During the: intervening .
years, use of the metric system has increased
somewhat. S : .

I

The: Metric Conversion Act of 1975 provides
for a continuation of .the existing voluntary
policy, but the current policy has been mis-
interpreted, and within this context, attempts
have been made to convert to the metric :sys-
tem. It would seem that as a minimum, before -
voluntarily deciding to convert, there should
be

- —-aiclear understanding of the oolicyf

--knowledge of the costs and beneflts in-
volved, . - i

--an assessment of the impact on the sector .
involved and any related sectors, and : ‘ O

--a determination of the impact on consumers.

iv
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.~ Any attempts to arbltrarlly -increase..

metrication activity. could serlouslv under—m
mine. existing: policy and lead to .unnecessary

" metrication. - Due carei,. therefore, must be ..

exerc1sed in carrylng out: the pollcy._ .

SUPPORT/OPPOSITION AND

OVERALL ADVANTAGES/DISADVANTAGES

‘Responses ko the questlonnalres sent out by_
GAC showed that the strongest support for

‘converting to.the metric. system came -from-

State education off1c1als, State government'
officials, and the Fortune . 500 1ndustr1a1

‘companies. .:Building and constructlon asso-u

ciations supported conversion,. but not as

‘widely as.the above.groups.. . Small buSl_ln%

nesses were d1V1ded in-their opinion but, . _
more were opposed to metrlcatlon than sup—f
ported it. The publlc oplnlon poll conducted
for GAO showed most people in oppos1tlon to
metrlcatlon.¢¢w.a : ,

The respondents supoort for conver51on 1s not

based entirely on the belief that they will

gain some. advantage from convertlnq.‘ In all

cases more supported conversion .than saw ad-
vantages for: themselves. Large businesses
were divided on whether advantages outweigh -
dlsadvantages for their firms. ~Small busi-
nesses believe the dlsadvantages outwelqhed
the advantages for their .firms. .

However, when asked about the advantages and
disadvantages for the. Unlted States overall,

both groups shifted to a.;more pos1t1ve oolnlon

on advantages. -

Thus the questlon arises as to just who bene—

fits to make it worthwhlle for the United
States to convert to the metrlc system.

BENEFITS ARE'QUESTIONABLE;v

LR 1 O i i

T

Most of the ascribed benefits are goals, such
‘as standardization and rationalization, which
have always existed and have been achieved to
varying degrees .under the customary system.
Metrication is belng viewed by proponents as
the opportunlty to achieve these goals (to a
greater degree) In order to achleve
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improvements or benefits sought, the conversion
must be a hard conversion--a chahge''in prod-
uct dimensions, ‘rather than a soft conversion,
‘using metric equlvalents., However, actually
achieving™ the ‘benefits is ‘guestionable, and -
their value is qenerally undeterminable.

The often ascribed beneflt that the metrlc svs—
tem is easier to use and results in fewer errors
is’ generally but not unlversally accepted

Some v1ew metr1cat10n as an opportunlty to cAm=-
prove production efficiencies, facilitate tech-
nological advances, ‘and -make.other worthwhile
changes. - Respondents to GAO's ‘business: ques-
t10nna1res generally disagreed@«with such -

views. 'While metrication might provide the
opportunlty or ‘vehicle’ for such changes),” there

,1s no assurance of ach1ev1nq them.

Present sized have developed over the years

in the marketplace to meet demand. “‘For some
products, 1ndustry officials belleve that

most of thesé' sizes meet the1r needs. ‘Substan-
tial standardlzatlon -and ratlonallzatlon

have been achieved under the present customary
system and s a cont1nu1ng goal ‘

There is little’ doubt that 1ncreased standardl—
zation and rationalization could: result -in
benefits, although this objective could be "
achieved using the ‘customary ‘system. - Proponents
view metrication as an opportun1ty or vehicle
to achieve the results, but the:cost involved

is unknown. Metrication would result in-dual

‘“inventories of customary and metrlc sizes for

a congiderable number of years. Thig would be
a very critical problem for many 1ndustr1es,

‘suppliers, ‘and retallers and “would cost an’

undetermlnable amount. Only after the: veriod
of dual inventories has €lapsed would it be
known whether increased standardization and
rationalization had: resulted ‘and .at what costs.

Some persons claim ‘that consumers will benefit

because price compar1sons w1ll be easler “to make

‘with the metric system. The’ premise depends

on the w1111nqness and ab111ty of producers

to change to rational series of 31zes. "However,
it is guite llkely that changes to government
laws and regulations would be needed.
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- It may be that the: increased use ofcunitwpricing

would be of greater benefit to consumetrs than
converting many sizes to metric. Unit pricinq
would facilitate price comparasons, be’ ea51er
to understand, is not dependent on the use of
standard or.rational sizes which can be dif=
ficult and costly to achieve, and would: per--
mit.-producers 'to make their products in'sizes
relatlng to the1r needs.‘ o

For: most consumer products and for: act1v1t1es,
such as sports (except those involved  in: inter-
national -records);,. no major benefits would
occur. to either producers, consumers, oOr: par-
ticipants and spectators by converting :to...-

‘the metric system.. Many consumer: products

are not exported to other countries; producers
of those ‘that are seem to have little prob- -

" lem with the measurement system used. Other

countries. exporting products to- the United
States: change the sizes of their: products-
to U.S. sizes when necessary SR B

COST WILL BE INCURRED

{*' T

The total cost of metrlcatlon is: undetermlnable
in sp;te of various estimates that have been:
cited in the last decade by various organizations
and individuals.’ These estimates vary widely
and often are not based on detailed. analyses

of the factors involved. They generally are
low or high depending on the conversion experi-
ence of those providing these: figures and .
their position on converting or. not convertlng
to the metrlc system. =

Some of the major cost areas 1nc1ude tralnlnq
and educating people; converting computer sys-
tems, data bases, ‘and standards; changing laws,
regulations, ordinances, and. codes; maintaining
dual inventories; purchasing hand tools; chang-
ing product sizes; and familiarizing consumers
with metric terms. Lo '

However, based on the7limited,cost;data'that
was avallable to GAO and the input from .
various representatives from a wide spectrum
of organizations. throughout the country, the
cost will be significant--in the billions

vii
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' 1t w1ll be passed on to consumers..

ININERTE)| 8

of. . dollars. ‘But whatever the cost, it appears

BEVERAGE CASE STUDY

The beverage 1ndustry prov1des a unlque early
opportunity :to lookvat metric conversions in
the :United States, particularly with respect.

to the effect on consumers. Some segments

are totally converting, some partially and

the remainder are inactive or simply placing®
metric equivalents on their product labels..:
Some conversions’ made: by the ‘beverage indus--
try may have benefited .consumers and the in-
dustry. . But other .conversions: and related. .
actlons have been harmful to consumer 1nterests.

The.w1ne and dlStllled splrlts 1ndustr1es are
totally converting their products: to metric :
sizes for marketlnq reasonsi The conversion
period for wines will be complete by January.l,
1979, .and for distilled spirits by January 1,
1980.

Following the favorable sales”ekberiences'by

r:one 'soft drink producer; several other major

producers have introduced metric sizes in
many:.areas of the country;, usually when new
containers are:.introduced. The soft drink
1ndustry had not planned an overall metrlc con-
version in the near future.' : :

,The beer 1ndustrv sells all 1ts products in:
v customary sizes and did .not plan to’ convert:

to metric sizes. -Saome brewers, however, show
metric equivalents on. their labels. The in-

'dustry sees no: conver51on beneflts, only costs.

,Most mllk contalners show metrlc equ1valentq,

but all milk ‘is still sold in rational custo-
mary sizes. - The industry has no:plans to
convert to metric sizes and sees no benefltc
in doing so. : B

While further adoption of rational package
sizes is. a laudable objective for beverages,
it is one that .could be achieved without con-
verting to the metric system, - as with milk.

Metric proponents have stated that consumers
will benefit if rational metric sizes are

viii
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adopted which would*make»priceICOmparisons'
easier. However, GAO's study of the beverage
1ndustry chowed that thlS would not necessarlly

Most wines. and dlStllled splrlts that were

- converted to metric sizes experienced unit

price increases of-up to 1l percent greater:
than those ‘that did not convert. It was in
the metric sizes that price comparisons are
the most difficult to -make that the hlghest
price 1ncreases took place. .

Wh11e the 1mpact of the wine: and dlStllled
spirits:conversions on consumer prices-has
been largely detrimental so far, it remains
to be seen whether the practice of increasing

‘prices of converted products continues through

the rest of the conversion periods. It must
also be kept in mind that GAO conducted its
prlce study in 1ocat10ns where: there is some
prlce control S R : -

On the - other hand the soft drink'industrynhas

- begun marketing some'of'its products in rational
‘metric sizes. If this trend continues and:a
.complete conversion is made to metric:sizes,

price comparisons should be easier for consum-
ers. It has been stated, at least in some
instances, that prices were not increased

when conversion occurred. However, GAO was
unable to: 1ndependently verify the actual pric-
1ng of: soft drinks. : §

EFFECT ON TRADE IS UNCERTAIN

Because most countries use or are converting
to the metric system, the United States cannot
deny the existence of the system or prohibit
its use. 1However, a multitude of factors
affect world trade; and the business respond-
ents to GAO's guestionnaires and exporters

and importers contacted by the National Bureau
of Standards in its study considered the meas-
urement system used to be of minor 1mportance.

A majority (60 percent) of the 1arqest U.S.
industrial businesses--the Fortune 500--who

.responded to GAO's guestionnaire believed con-

version would facilitate trade through a common

ix
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measurement: language, but:over 80 percent:
‘indicated:they did not ‘expect any s1gn1f1cant

.. change in. either. exports or imports as a

result of conversion. A majority of the ~»ﬁ
firms respondlnq cited factors, such as com-
petitive prices, high guality, superior '
technology, and good reputation .and: reliability,
as being of:major significance in:promoting
exports. Engineering' standards and .the desiqgn
and manufacture of products in-either metric
or customary units were. considered:to be of
major significance in promoting trade by rela-
tively few of the respondents. Less than 5
percent of the respondents considered measure-
ment units ito be of major significance: in:

deterrlng trade.vn" S wwf{ﬂh

"Amerlcan flrms have been tradlnq for centurles

with countries that (1) use various measurement
systems, (2) have different reguirements:and
laws that must be complied with, and. (3) speak
different languages. Information was not
available on the extent that other countries
have adopted and use the entire international
metric’ system. - GAO found no evidence. to show
that- the Nation's trade would be:significantly
affected by converting to the metric system

or remalnlnq w1th the customary system.-

THE DECISION TO BE MADE

A matter to be considered is. whether the use
of the metric system throughout the:world
warrants the effort and expense needed to con-
vert our day-to-day affairs, such as highway
speed limits, consumer products, and weather
reportlng, lnto metric measures. :

‘There is no questlon that one.system’should
- be predominant because the existence of a

dual system for any length of time is imprac-
tical, inefficient, uneconomical, and confus-

“ing. It is not too late to make the decision
- as to which system is to be predominant.. The
decision is not an easy one because:valid

national conversion costs and the value of any
beneflts are not avallable.

-Slnce a dec181on will affect every American for
decades to come, GAO believes the decision,
which is to continue with the current policy
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or change it, should be made by the
representatives of the people--the Congress.

GAO believes that this report will provide
valuable information on metrication and the
issues involved to the Congress, the Adminis-
tration, the newly formed U.S. Metric Board,

‘and to the American people. The results of.

GAO's work is contained in a detailed report
(CED-78-128) and is summarized in an Executlve
Summary - (CED -78-128a).

AGENCY COMMENTS AND GAO'S EVALUATIONS

In commenting on GAO's report, the U.S.
Metric Board's A4 Hoc Committee stated that

‘the report contained detailed information
on the status of voluntary conversion in
many sectors of the economy which will be

used by the Board. However, the Board dis-
agreed with some aspects of the report which
are discussed in detail in the Executive Sum-
mary ‘and in chapter 31 of the basic report.

The report contains recommendations to the U.S.
Metric Board and the Office of Management and
Budget to help implement the current national
policy in accordance with the 1975 Act and its
legislative history. The report also contains

~a number of recommendations regarding other

specific measurement activities,
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CHAPTER l

INTRODUCTION

Meter, liter, and gram. These terms are appearing more
and more in the United States, sometimes alone but often with
their "cousins," the foot, guart, and ounce. "The latter terms
are - the most familiar to Americans and are part of what is
commonly referred to as the customary system of weights and
measures. Meter, liter, and gram are part ‘of ‘the metric .sys-
tem. When you hear or see ‘temperature: in: degrees Celsius,’
it is also part of the metric system. :Use of ‘the metric sys-
tem is 1ncrea81ng, but the customary system is by far the most
predominant in the Unlted States. ' PRSI

{ A movement is underway, however, to change our system of
welghts and measures’ :to the metriic system.v This change, which
is voluntary by law in the United States, is often referred
to as metrication. There are two types of conversion, hard
and soft. Soft conversion means replacing customary measure-
ment units with equivalent metric -units without:any changes
in the size of products, materials, or structures.’ One quart,
for 1nstance, becomes 0.95 liter. Hard conversion means a
change in the actual dimensions of the product;. materlal, or:
structure to metric dimensions--1 quart becomes 1 liter which
is 1.06 quarts. Generally, hard conversion results in. rounded
metric numbers which are easier to work w1th. (The metric
system is explained in detail in ch. 2.)

‘ METRICATION—-WHAT IT WOULD MEAN

Many Americans have had some contact with the metric
system. Many have worked in or toured metric countries, par-
ticularly in Europe, and others were born in and lived a good

part of their lives in metric countries before coming to the
Unlted States.

In this country, the scientific community, for the most
part, uses the metric system. Foreign-made automobiles are
metric, and individuals and mechanics who work on them have
metric tools. Metric units are appearing on food products
and other items next to customary measurements. Skis are
measured in centimeters, and 35-millimeter film is common.
For several years, students in such courses as chemistry have
worked with the metric system. Today, many public schools

are teaching the system to their pupils. Weather reports are

often heard in both Fahrenheit and Celsius (formerly known as
centlgrade) Nonetheless, use of the metric system is small
in comparlson to that of the customary system.
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Convertlng to the metrlc system would" eventually mean-
th1nk1ng, hearing, and seeing distances in terms of meters;”
volume in terms of liters, weight in terms of- grams, and tem-
peratures in Celsius. It would mean new sizes for" screws and

bolts, new distances on maps, new weights on scales, new speed

limits on highways, and new tools to repalr automobiles and
other products. It would also mean new sizes for beverages,
food; and clothing; new recipes in the kitchen; and revisions
in: educaelonal materials. Of course, it does not mean that
all sizes, distances, and weights would actually change, but"
the terminology‘and numbers used: to express them would. Met-
rication would" probably be a combination of soft and hard con-
version. - The change would not necessar11y be sudden and com-
plete. - ° . s

A'Change to the metric system would be signifiCant. Met-

r1cat10n ‘would: affect Americans-at work, in school,- t home, -

in shopping, and in their leisure activities. Every organiz-
ation, firm, industry, and‘'level of government: would feel 1ts
1mpact.n The 1mpact could surpr1se many Amerlcans.

We have looked into the’ subject of metrlcatlon to deter—u
mine the status and trends in the use of the metric system;
its implications for government, industry, and the American
people as citizens and consumers; and lessons-that can be
learned from the experiences of countries that are convertlng

or have recently converted. The Congress, the Adm1n1strat1on,_

and, in turn, all Americans should be fully aware of the raml-
f1catlons of metr1cat1on. o

EVOLUTION OF THE METRIC SYSTEM

In 1790 the French National Assembly asked the Paris Aca-
demy of Sciences to develop a new system of welghts and mea-
sures for France. Great Britain was asked to join in this ef-
fort -but declined in favor of improving its own system. - A

‘new system was desired for France primarily because the large

number. of units that had come into everyday use was confusing.
Often, several names were g1ven to the same unit, and units
varied from province to province and from city to city. Some
French un1ts d1ffered in value from the Engl1sh un1ts.

~After con51der1ng several proposals, ‘the Academy decided
that the new system should be based entirely on one unit of
length. Furthermore, the system would be decimal--based on
10--by adding prefixes such as milli (1/1,000), centi (1/100),
deci (1/)10), deka (10), hecto (100), and kilo (1,000) to the
unlts to form the larger and smaller vers1ons of each unit.’

The unit for length was to equal one ten—mllllonth.of
the length of a quadrant of the Earth's meridian; that is,
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~side), wh1ch was named the liter, 1/ was-to be the unit. of

- The Jefferson Plan'

weights and measures (art. 1, sec. 8). Thomas Jefferson- wasn

one ten-millionth of an arc representing the distance be-
tween the Equator and the: North Pole. The standard for the
unit was determined-by:measuring an arc-of meridian between:
Dunkirk, France, and Barcelona, Spain. The,unlt was later
named the metre (meter). l/ , S :

The un1t of ‘mass (welght), called the gram, was . deflned
as the mass of 1 cubic centimeter (a cube that is 1/100 of
a meter on each s1de) of water at its temperature of maximum
density... The cubic decimeter (a cube 1/10 of a meter on each

fluid capacity or volume. - The unit of area was to be the '
square meter. . Because of its foundatlon on the meter, the .-
system became known as the Systeme Metrigue (metric system).

After its acceptance by the French Government. and a long, o
stormy perlod before taking hold in France, the.use. of the-
metric system slowly but steadily spread from one country to
another. By 1880,.17-nations had officially accepted: the sys-
tem. An addltlonal 18 countries-had followed suit by 1900.;
Today, all countries, _except the United States and several
small countries, ‘are:using the metric system or are commltted
to its use as-their predomlnant measurement system.;

IN THE UNITED STATES, A CONTINUOUS = . |
FLIRTATION WITH THE METRIC SYSTEM e |

U S.,convers1on to the metrlc system has: been an issue.
almost since the creation of the Nation. . Numerous bills: to :
require conversion have been introduced in the Congress over
the decades, but none passed. Metrication is still an issue.

N
)
I
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- The Natlon s foundlng fathers recognlzed ‘in the U S.
Constitution the importance . of uniform weights.and measures
by giving the Congress the power to fix the standards of

requested- . in 1790 to develop a . plan to establish-uniformity f—
in currency, weights, and measures . for consideration by the :

House of Representatives. In his report, Jefferson noted the ,
need for an invariable standard of length. He proposed two i
alternative plans.: One was to retain the customary system of - i

'l/Some controversy‘exists in the United States as to whether

these two units should be spelled with an "er" or "re" end-
ing (see ch. 2). 1In this report, we have used the er spel-
ling in accordance w1th the U.S. Government Prlntlng Offlce
Style Manual :



i

weights and measures but:standardize. it on' the. bas1s of a. new

- standard of length.. The second proposal was a new system

" based on’ the same: proposed standard.. Jefferson believed the:
new system should be decimal. He was aware that the metric’:
system be1ng proposed in France had the basic characteristics -
he desired in the new system; however, he rejected it because
the basic measurement- standard could not be reproduced 1n any

country- except- France. -

The weights and measures plan was debated in. the Congress
for several:years but no action was:taken.  In 1795 and 1796,
‘the Congress also’ considered but rejected a suggestion from
the French Government that the United States.adopt the metr1c
system. A plan for a decimal: money- system based on: the dol-‘
lar, which: Jefferson helped develop, was later accepted by
the Congress. . ' : : Do x “

The Adams Report ,ﬂ-~wg,

As requlred by a’ U S Senate resolut1on, Secretary of ;
State John Quincy ‘Adams in 1821 submitted his- "Report: Upon:
Weights and. Measures" to the!Congress. ‘Adams concentrated
his effort on international developments, existing weights
and measures regulations in the States, and the- avallableggf
means for obtaining uniformity of the regulat1ons., An: impot-
tant part of Adams' report was a comparison of the English
and metric systems ‘and ‘the advantages and: dlsadvantages of
each for the United States. :Adams concluded in his report '’
that the Congress: should not change the>existing system but-
should fix the standards for: the upits. “His survey of the
existing situation in:each of the 22 States found that sub-= *
stantial uniformity: already existed. He-'believed that the~
time: had not yet arrived in Wthh he could: recommend

"% * * 50 great and hazardous an experlment * k%,

" as that of discarding all-our established welgbts

" and measures, to- adopt and lega11ze those of France
in: the1r stead. E PR

Adams was also- concerned that the Const1tut1on may not have
given the Congress the power to change the whole system of
welghts and: measures when it sa1d to fix the standards.

Use . of the metr1c system is made legal

In 1866 leglslatlon was enacted that made 1t legal to
use the metric system for the transaction of any and all
business in the United States. In the proceedings leading
to the act, the House Committee on Coinage, Weights, and
Measures surveyed the status of the metric system in other
nations. The committee's report recommended that the metric
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system‘be legalized to give Americans the opportunity to use-
it. “The committee believed that the country would soon be=:
come familiar w1th its convenlence. +The report: further stated
that: . .0 I B S

M*x % % When this is attained = a period, it is

~hoped, not distant: - a futher Act of:Congress can

fix the date for its exclusive adoption:as a legal
'system.

'On July 27, 1866, when the blll was passed the-Senate;also:

passed a resolution to distribute metric standards.to the
States.. 'The President signed. the bill the next day.. :A ma—-
jor .factor in the decision by the: Congress to pass this leg-
islation - was an earlier decision in-1864 by the United King-.
dom to make use of the metric system permissable. . . . ( .

Although some in the Congress assumed that use of the
metric system would spread in the United States and become
the dominant system, it did not.. The 1866 act was neither.
mandatory nor:promoted. the system's_use. No. target date for:
its adoptlon was establlshed The metric debate continued.-

The Unlted States 51gns _ : :
the: Treaty of- the Meter s

The Unlted States, on May 20 1875, was 1 of 17 natlons;
that signed the Treaty of the Meter——45 nations have now
signed it. - The agreement provided for a permanent Interna--.
tional Bureau of Weights and Measures-under:the control of: =
a committee of 14 members from different countries.: Both: of"
these*arepundervthe‘auspices}ofsthe‘Genera1=Conference;onw
Weights and Measures which consists. of delegates from all the
countrres that have sxgned the treaty. '

The" Internat10na1 Bureau s prlmary mission was to con-
struct and verify-the accuracy of new, more precisely defined
measurement standards for the meter and kilogram.  Metal bars
representing the length of a meter and metal cylinders rep-
resenting the weight of a kilogram were constructed and dis-.
tributed to the member countries to serve as their national
measurement standards. The Bureau was responsible for main-.
taining the meter bar and kilogram cylinder which were to be
the international standards. To ensure the continued accura-
cy and uniformity of measurement standards, the Bureau was to
periodically check the international standards against the
standards of the member countries and compare them with the
different standards of nonmember nations.:

The International Bureau and‘the General Conference on
Weights and Measures are still in existence. They serve as
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the mechanism for'recommending and. considering refinements
and other changes in the metrlc system on an: 1nternatlonal -
basis. : BERNE : : . . L

In 1890 the United States received and accepted its two
meter bars and kilogram cyllnders. Threeyears later- these
were declared to be the Nation's fundamental standards of
length and mass (weight) by an administrative action:of the .
Superiintendenit of Weights and Measures and sanctioned by the
Secretary of the Treasury. The meter :and kilogram became the
fundamental standards for defining the yard and the pound:

The administrative actlon is commonly referred to as the Men-
denhall Order. : * S ‘

l960-—metr1c becomes an 1nternatlonal system

Over the follOW1ng years, several bllls were 1ntroduced
in the Congress to convert the Unlted States to the metric
system, but they were unsuccessful. ' However, the United

States, as.a member of the General Conference on Weights and

Measures, had been involved in redefining the metric system
and. its units in an effort to correct some - 1ncon51stenc1es
that had developed. ; :

When the metrlc system had begun, the most pre331ng need:-
was  to standardize units of.measure used in the exchange of -
goods and services. Later, world growth of science and tech-
nology led to the requirement for additional measurement units
other ithan the meter and the kilogram for length and welght,
respectlvely. The new units were sometimes established by:
different scientific methods,:and this often resulted ins more
than one metric unit: for measuring the same physical quantlty.
Thus, 1in effect several metrlc systems were used around the

world-.

, The General Conference dec1ded that an 1nternat10nal :
system was needed to standardize the metric systéem on a world-
wide basis. . To meet this need, the General Conference, in.
1860, adopted an extensive revision and. 31mp11f1cat10n of the
system. This hew metric system was formally given the name
"Systeme International d'Unites" (International System of
Units). Thus, a modernlzed international measurement sys-
tem became available for use by all countries. However,,
many nations.have been slow to .adopt the new metrlc system
in its entlrety , S .

The General Conference also decided to abandon the meter
bar, which had served as the international standard of length,
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and substitute a wave length of light. 1/ This ‘was a return
to use of::-a measurement standard found in nature, and it

could be produced w1th great accuracy by a well-equipped
laboratory.

The U S. metrlc study .

After 10 years of 51m11ar b1lls belng con51dered in the
Congress, the Metric Study. Act (Public Law 90-472).became :
law .in August 1968. \The act directed thefsecretarylofacomrri
merce to T P I PSS SV R ST a.yfsjk.u~t mopre et

—~determ1ne the 1mpact on the Unlted States of the din= v
creasing use of the metrlc system-

~-consider the des1rab111ty and pract1cab1l1ty of 1n-‘h
L creas1ng its. use 1n the Un1ted States- 2 y¢” s
7——study the fea31b111ty of retalnlng and promot1ng engl-
: neerlng standards on the ba31s of the customary system,
s"—-examlne the effects on: 1nternat1ona1 trade, forelgn
relations, national security, and al'so: the” ;practical
d1ff1cu1t1es of greater use of the metr1c system- and

“——evaluate the costs and benef1ts of alternatlve courses
of actlon that the Un1ted States mlght take.=

The Secretary of Commerce delegated respon51bL11ty for
conductlng the study to:the National ‘Bureau:of Standards '
(NBS), NBS generally used questlonnalres and hearings sup-
pleménted by individual investigations of ' the manufacturing
industry: and nonmanufactur1ng business; consumers; the: Depar t-
ment of Defense; Federal civilian agenc1es- and the areas of:

~education, international trade, engineering standards, inter-
national standards, commercial” weights and measures, and the
history of the metric system controversy ‘in the United States.
The ‘results of each area weré published’ in separate: volumes.:

‘The publlc hear1ngs were summar1zed and analyzed 1n another
volume. - : ‘

‘As the metric study progressed the study group conclud—
ed that the United States is already increasing its use of
the metric’ system and ‘that sooner or later the United States"
will probably become predominantly metric. Thus, ‘the study's

1/The length of a meter was redefined as 1,650,763, 73 wave
lengths of the orange -red line produced by krypton 86.
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major: thrust: changed ‘from: whether-the United States should
convert to the metric system to' how--planned or unplanned

In July 1971 the Secretary of Commerce 1ssued hlS report,
"A METRIC 'AMERICA, A Decision Whose ‘Time Has Come."™ ' The re-
port: stated that eventually ‘the' United States will join the

rest of ‘the ‘world ‘in using the: metric system -as the predomin-

ant common language of measurement. The ' basis for this con~
clusion was that the United States is already metric in some
respects, that it is becoming more so, and that the great
majority of bus1nessmen, ‘educators,: and ‘other informed -
participants in the study reported that the increased use of
the metric- system isin ‘the best interest of the Nat1on. The
spec1f1c recommendatlons 1n the report were.‘; s Lo
”[—-The Un1ted States should change® to ‘the" 1nternat1onal
metric system dellberately and carefully through a co-
ordinated national program. ‘

=~The Congress should establlsh a central coord1nat1ng
body to gu1de the change.:

f——Deta1led convers1on plans and tlmetables should be
‘worked out by the sectors tkemselves w1th1n th1s
framework ‘ -

,—-Early prlorlty should be glven to educatlng school-
chlldren and the publlc at large to th1nk 1n metrlc‘
‘terms. ’

--Immediate steps should be taken by the Congress to
} foster U.s. part1c1patlon 1n 1nternat10nal standards
o act1v1t1es. " :

fi—-Any convers1on costs should “l1e where they fall.?,ll

v-—The Congress should establlsh a lO—year”t1me frame for
the United States to become predominantly metric.

—--There should be a f1rm government commltment to con-
, vert. : -

The report s, recommendatlons d1d not settle the metrlc
questlon.‘ Bills to 1mp1ement the recommendat1ons Were de-
bated in the Congress for. the next several years; none were
passed. Although the advantages and dlsadvantages of metric
conversion for the Un1ted States were still an issue, a major
area of controversy was. the 1mpart1a11ty and completeness of

the NBS metric study. The critics, which included former mem-
_ bers of the study group and its adv1sory panel, contehded that

NBS was biased in favor of convers1on while performlng the
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study and reporting: the results.,: The,critics d:1id; not: believe
that the study. adequately addressed the costs and beneflts
of convertlng : R

e Metrlc convers1on leglslatlon was passed 1n the Senatel
in. 1972 providing. for a predomlnantly metrlc Amerlca w1th1n

a lO—year period. - It was introduced. in the House where no -
action was taken, . In the follow1ng years,. various unsuccess-
ful leglslatlve proposals were discussed. Further progress.
was not made: until 1975 when the prov151on for a. predomlnantly
metric Amerlca w1th1n 10 years was. dropped : .

. In the meantlme, the Educatlon Amendments Act,_ :
was enacted it 1ncluded a sectlon authorlzlng,slo mllllon ﬁ
a year for a 3-year perlod to encourage education agencies
and institutions, to prepare students se ;the metric sys-

each of fiscal years 1976,_”' _and 1978, $2 1 mil-
lion was approprlated for th1s purpo_f,ﬁz_w, kS :

FLty o

THE METRIC CONVERSION ACT OF, 1975

On December 23, 1975, the Metric Conversion Act was en-
acted. . It declared that the pollcy of the United States is
to coordinate and plan the increasing use, of thewmetrlc system |
and provided for the establishment of a United States Metric
Board to coordinate voluntary conversion to the metric system.
The act. nelther provided. a firm commitment to convert nor a
time frame, to go by and left unsettled ‘the question of who
should bear the conversion costs. No f1nanc1a1 a551stance was
provided for under the act.

" The act d1d not stlpulate whether the customary or met- :
ric system should be the predomlnant measurement system for ;
use in the United States. The national pollcy, therefore, is
not to prefer one system over the other but to provide for

either to be predominant on the basis of the voluntary actions
of. those affected - S

The Metrlc Board

More spec1f1cally, the act provided that the Metrlc Board
be comprised of 17 members appointed by the President with the
advice and consent of the Senate., The members, with the ex-
ceptlon of the chalrman, are to represent the follow1ng sec—
tors of U.S. ‘society: englneerlng,'sc1ent1flc and. technlcal
manufacturlng, commer01al and retalllng, labor, State and lo-

cal government, small bu31ness, construction, educatlon, and

standards- maklng In addltlon, four at-large members are to

represent consumers and other interests con51dered suitable

by the President. Labor and small business are to be repre—
sented by two members. The other sectors are to each have one
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representative. .. The members are to serve staggered terms of
from 2 .to6 years. All may be-appointed to an -additional
6-year term. P P ERRUNR TR R IER a '

'The,Metric‘Board*is,tq;deviserand carry out a broad pro-
gram of planning,. .coordination, and public education, consis-
tent with other national policy and interests, with the aim
of implementing the policy set forth in the act. : It is to
serve as a focal point for voluntary conversions to the met-
ric system. It has no compulsory powers to require any sec-
tor of the economy to:.convert. ..In this regard, the Board is
not to advocate metrication but is to assist. various. sectors

when and if they choose to convert. -The .act, however, pro-

vided that.the Congress. could. give, the Board such powers at a
later date. . . e

~In, carrylng out the program, the Board is to

—-consult w1th and take into account the 1nterests,
views, and .conversion costs of commerce and. industry,
lncludlng small business, consumers, labor, government
agencies at all levels, metric conversion groups, and
such other. individuals or groups as are con51dered
approprlate- ' , , ; : : .

'q -—prov1de for approprlate procedures to obtaln the v1ews
of affected groups- o R , :

- ~-publicize proposed conversion programs, and provide an
opportunity for interested groups or individuals to -
‘submit comments;

_—-encourage act1v1t1es of standardlzatlon organlzatlons
to develop or revise engineering standards on a metric
measurement basis and to take advantage of opportunr-
ties to promote ratlonallzatlon, improvements of de-
sign,. reductlon of size variations, and other opportu—
n1t1es-

—-encourage the retention in metric language of those
U.S. standards which are 1nternat10na11y accepted or
of superior technology; S

——consult and cooperate w1th forelgn governments and in-
ternational organizations to gain international rec- .
ognition for metric standards proposed by the Unlted
States and, during U.S. conversion, to encourage re-
tention of ecuivalent customary units (usually by way
of dual dimensions) in 1nternat10nal standards or rec-
ommendatlons-
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--assist ‘the public, through information and education -
programs, to become-“familiar withi the meaning and ap—
pPlicability of metric terms and measures: 2 »

- =-collect/ analyze, and: publish information about the

‘ extent of usage of metric measurements; evaluate the
‘costs and benefits of metric usage; -and make: ‘efforts
to minimize any adverse effects: resultlng from 1n-
creas1ng metrlc usage- and ’

-—-conduct research and surveys, publlsh the" results,'“
~and recommend to the Congress and the President -~ = i~
approprlate actlons to deal with any unresolved prob-
lems,'lssues, ‘and’ questions assoc1ated with metrlc
conversion or usage. :

The act meéntioned several areas ‘that the Metrlc Board
may study, but to which it was not limited. These are the
(1) impact on workers, ‘such as cost of ‘tools ‘and training,
and on different occupatlons and 1ndustr1es, (2) ‘possible
increased costs to consumers, (3) impact on society ‘and the
economy, (4) effects on small business, (-5) impact on-the
U.S. international trade position, (6) appropriateness and
methods for using procurement by the Federal Government as .
a means to 1mplement conversion, (7) proper conversion or
transition period in particular sectors of soc1ety, and (8)
consequences for national defense. :

The Board is’ requlred to submit annual reports to the
Congress and the President on its activities and the status
and projections for the conversion process. TheSe reports
may include recommendations for leglslatlon or executive ac-
tion needed to 1mplement conversion programs accepted by the

Board. Not later than 1 year after the Congress appropriates

money for the Board, the Board is- to submit a report on the
need to provide an effectlve mechanlsm for convertlng custom-
ary units to metric units in laws and regulations on a coor-
dinated and timely basis in response to voluntary conversion
programs adopted and 1mp1emented by various sectors of the
economy. _

The Metric Board is to be independent of any department
or agency. It can establish an executive committee and other
operational committees it considers’ des1rab1e, has contract
authority, and is authorized to conduct hearings as appropri-
ate. The Board is to operate through an executlve director
and necessary staff personnel.

The 17 members of the Metric Board were nominated by the

President and confirmed by the Senate during the first half
of 1978. Although the Board has met several times, it had
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. METRIC ORGANIZATIONS ’

not become fully operational at the time th1s ‘report went to

print. . In the Senate Committee report on. the 1975 Act,-

was estimated that the Board would need -$2 million: for thev,

first year and $3 million per year thereafter. The: Board re-

quested $1.8 mlllron for its first full year of operatlon.;7
; . ‘ : s L

There are two major metrlc organlzatlons- the American
National Metric Council (ANMC) and .the U.S. Metric Association.
AMMC, a nonprofit .organization, was established in 1973 by .
private sector initiative under the auspices of the :American.

-~ National Standards Institute (ANSI) to assist all segments of

the U.S. economy in planning, coordinating, .and implementing:
the voluntary change to the metric system. On July 1, 1976,
ANMC became an independently: 1ncorporated organlzatlon. It
is located in Washlngton, D. C ; : P Ce

: The core of tbe ANMC is 1ts sector commlttees whlch
coordinate the metric activities in their respective segments
of the .economy. . The sector commlttees are made up of repre—
sentatives of industry, government, labor, .education,.and - -
other groups as deemed appropriate. The more than 30 sector
committees are grouped under 5 coordinating committees: ma-
terials, engineering industries, construction industries, con-
sumer proaucts, and educatlon and 1ndustr1al tra1n1ng

ANMC expects to play a key role in. prov1d1ng 1nput and

- assistance to the U.S. Metric Board when it becomes active.

It does not foresee being absorbed by the Metric Board but
contlnurng to serve as the focal point for conversion-
activities in the private sector, poss1bly w1th some. .funding
from the Metric Board.

The U.S. Metric Association; founded in;19l6t is a non-
profit organization. Its main goal has been advocating and

promoting the use of the metric system as the primary measure-

ment system in the United States. This has been carried out
primarily by means of publications, meetings, and the indi-
vidual activities of its members. Its membership through the
years has consisted malnly of scientists, engineers, and edu-
cators. The Association is located in Boulder, Colorado.

SCOPE OF STUDY

| We dlscussed metrlcatlon with numerous off1c1als of trade
as3001atlons,‘1nd1vrdual companles, Federal and State govern—

ments, and other. organlzatlons in the various sectors of U.S.

society. Questionnaires were mailed to 1, 400 small business-
es--over 70 percent responded; the 500 1argest industrial cor-
porations—-over 80 percent responded; all State governments

and State education agencies--92 and 100 percent responded,
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respectively; and 400 assoc1at10ns in thevbuilding and con--
struction 1ndustry—-over 70 percent responded.  The: questlon—
naires used are appended to their respectlve chapter in this
report.  We contracted with a public op1n10n polling organi-
zation to conduct a ‘survey of consumer views on the metric

- system. Relevant legislation was also reviewed.

We also discussed metrication with officials of Canada's
metric commission and the United Kingdom's metrication board
as well as with several: Canadian and British industry
representatlves.' Pertinent, available documents on metri-
cation in Australia, Canada, New Zealand, and the United

'Kingdom were reviewed. . The ‘data we obtalned was not evaluated

in detail for its val1d1ty.

Further,'we had a group of consultants knowledgeable in
various fields but having different views on metrlcatlon re-
view our tentative flndlngs and conclusions. The positions
taken in this report, however;, are those ultlmately arrived
at by the General Accounting Office. Following 'is a ‘listing
of these consultants and thelr afflllatlon at the t1me we

,consulted with them."

--Dr. George Ecklund; D1rector, Offlce of Economlc
Research U S. Internatlonal Trade Comm1s51on -

--Mr. Thomas A Hannlgan, Admlnlstratlve Ass1stant to )
" 'the International Secretary, Internatlonal Brotherhood
of Electrlcal Workers ,

--Dr. Robert Johnson, V1ce Pre81dent Englneerlng,
Burroughs Corporation

--Dr. Lee Rlchardson, President, Consumer Federation
of Amerlca - RIS oo

--Mr. Roy P. Trowbrldge, D1rector, Englneerlng Standards,
ueneral Motors Corporatlon ,

--Dr. Robert C. Turner, Professor, Graduate School of
Bus1ness, Indiana Un1ver51ty :

We wish to express our appreciation to those, both in the
private and public sectors, that helped us during the course
of our study. They are too numerous to ‘thank personally. The
assoc1at10ns, companies, organizations, and governmental agen-
cies who contributed 1nformat10n for th1s report are llsted
in Annex I. k j
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. CHAPTER 2

THE METRIC SYSTEM

- Although many Americans have probabily heard or seen ref-
erences to metric terms or units, they are probably unfamil-
iar to a large extent with the metric system and its units.
The degree of knowledge of any measurement system will vary
by .individual. Accountants,. homemakers, pollce officers, or
lawyers in their day-to-day activities probably use only a
few measurement units. On the other hand, chemists, physi-
cists, astronomers, and engineers are concerned with a much
greater number of units, .many of which would ‘seem complex and
technlcal to 1arge parts of the populatlon. S

The first section of thlS chapter is a dlscuss1on of the

metric units that the majority of the general public may use
and see during their day-to-day activities if. the United
States converts to the metric system. The second section is
a brief description of the system's general structure.

METRIC UNITS FOR EVERYDAY USE

If metric becomes the predominant measurement system in
the United States, most .Americans probably will be concerned
with only a few of the units. The more. commonly used units
would be the meter, 11ter, gram, degree Celsius, pascal, and
joule. Also, the prefixes milli (1/1, 000), centi (1/100),
and kilo (1,000) would commonly be used with some .of the
units to form multiples and submultiples of the units.

For example, kilo could be added to gram to form kilogram
(1,000 grams). Below is a discussion of how these units com-
pare to the customary units that they would probably replace.

The meter would replace the yard as a measurement of

»length A meter is slightly longer than a yard, about 1.1

yards or about 39 inches. The figure below shows the compar-
ative sizes of a yard and a meter.

1 METER

(COMPARATIVE SIZES ARE SHOWN)
2-1
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Millimeters and centimeters would be used: instead of
inches and feet. . A millimeter isiabout the diametér of the .

wire used-«in’ a paper clip ' \:'while a.centimeter: -
~is a Tittle more than the widthiofi:a paper clip,

or ‘about 0.4 inch. About’ 2,54 ‘centimeters, or i25.4: millime-

ters, equal an inch. A foot is slightly longer than: 300 mll--

limeters, or 30 centimeters.

centimeters

[ inches

||||||||l|||r|-|, |‘

: (NOT TO SCALE)
Kilometers would be" used for dlstances in- place of miles.
A kilometer is somewhat further than-half a mile, or ‘about
0.6 miles. Speed would be expressed in kilometers per hour.
The national 55-miles-per-hour speed limit, for instance,
would probably become :90 kilometers per: hour, which is about
l-mile-per-hour faster. 1In the example illustrated below, 80

kllometers per hour lS equal to about 50 mlles per hour. v

"
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The kllogram and gram would be the units for welght in-
stead of the:pound .and ounce.’ A kilogram equals about 2.2
pounds and: would be used for larger items. - Grams would: be:
used for:. welghlng smaller items. There .are slightly: more than
28 grams in an ounce. -.One gram weighs :about: the same as‘.a -
paper clip.: Ve Co - v

1KILOGRAM R R . 1POUND

Liters would replace gallons and quarts for volume. A
liter is about 6 percent more than a guart. A tankful of gas
that may have been 20 gallons would be 76 liters. A liter of
milk would probably take the place of the quart container. A
gallon of paint would: probably be supplanted by a 4-liter can.
Milliliters would be used for smaller volume. A half-pint
container may be .replaced by a 250-milliliter container.

1 LITER 1QUART
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Temperatures would be given in degree Celsius (formerly
centigrade) rather than:in degree Fahrenheit... Water freezes
at zero degrees Celsius and boils at 100- degrees CGISLUS
Body temperature is 37 degrees rather than 98.6 degrees..

2-4
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A temperature of 20 deqrees Celsius would:be a mild day
(68 degrees Fahrenheit).: A :temperature of 10 degrees Celsius
would. be about 50 degrees ‘Fahrenheit. Forty degrees Celsius

- would ‘be-‘heat wave conditions (104 degrees Fahrenheit). The

following depicts the difference between 25 degrees in Celsius
and Fahrenhelt." :

25 DEGREES CELSIUS,

fus can be converted to degrees Fahrenhelt by

‘multlplylng the Cels1us temperature by 9/5 and then adding 32,
Degrees Fahrenheit can be converted to degrees Celsius by mul-

tlplylng degrees Fahrenhelt by 5/9 after subtracting 32,

Kllopascals would replace pounds per square inch for
pressure. A tire with an air pressure of 30 pounds per. square
inch would have about 210 kllopascals of air pressure. ' Pounds
per square inch can be converted to’ kllopascals by multlplylng
pounds per square 1nch by a factor of 6. 895 ’ v

~ Joules would be counted rather than calorles. Converting
to metric would mean that a piece of pie with 750 calories
would have about 3,000 joules. Calorles can be converted to
joules by multlplylng calorres by a factor of 4 19.
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Symbol

yd
mi

0z
b

tsp
Tbsp
fl 0z

pt
qt

"gal‘

vdf’f

_METRIC CONVERSION FACTORS

When You Know

Multiply by

TEMPERATURE (exact)

LENGTH
inches .25
feet 30
yards 0.9 .
.. miles . 1.6
AREA
“'sqlare inches 65
square feet 0.09
square yards .. 08
square miles 2.6
acres 0.4
. MASS (weight)
ounces 28
pounds 0.45
short tons 0.9 .
(2000 1) v
VOLUME
‘teaspoons 5
tablespoons 15
fluid ounces -30
cups ‘. 0.24
pints 0.47
. quarts o 0,95
_gallons .. 3.8
cubic feet . 0.03
. cubic yards 0.76

Fahrenheit
temperature

5/9 {after
- ‘subtracting
32)

Approximate Conversions to Metric Measures

To Find

centimeters

centimeters
meters

kilometers

" "“square. centimeters

square meters
square meters.

square kilometers

hectares

grams

kifograms
metric tons

milliliters
_milliliters

milliliters
liters
liters

. liters .
“liters

cubic meters
cubic_ meters

Celsius
temperature

Symbol . '

cm
cm

‘km

mL

3
-

w

3 3 r~rr3
w

Note:  This chat is based on National Bureau of Standards’ publications:
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Approximate Conversions fp’pm Metric Measures

Symbol When You Know Multiply by To Find Symbol
LENGTH
mm miltiliters 0.0 inches in
cm centimeters 0.4 inches in
.m meters | <5 feet ft
m .meters 1.1 yards yd
“km _ kilometers . 0.6 .miles “omi
AREA
em? square centimeters 0.16 ‘ square inches in2
m? square meters RETI JV IRt square yards yd2
km? square kilometers” 0.4 square miles mi?
ha hectares (10 000 m?) 25 acres
MASS (weight) .
g grams -0.035 - ounces oz
kg kilograms 2.2 pounds Ib
t metric tons (1000 kg) 14 short tons
:VOLUME )
mL milliliters 0,03 “fliiid ounces fl oz
L liters 2.1 * pints pt
L liters' 1.06 quarts qt
L ‘liters 0.26 gallons gal
me cubic meters . 35 . cubic feet 3
m® cubic meters 1.3 cubic yards yd3
TEMPERATURE (exact)
°c _Celsius ‘ 9/5 (then Fahrenheit . °F.
temperature, . add 32) temperature
oF
°F 32 98.6 212
-40 o} 40 80 ' 120 160 200
[ 1 1 | 1 1 [ [ )] i ] 1 L (N ] 'l 1 ' L 1 [] 1 1 [
r T 1 1 7 T T T T 1
-—40 -20 o] 20 10 60 80 100
o¢g 37 °c

Note:  This chart is based on National Bureau of Standards’ publicat\ions.

2-7
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THE METRIC SYSTEM

The metric system spe01f1ed by the. Metrlc Conversion Act

of 1975 is the International ‘System of Units' (SI), establlshed;

by the General Conference on Weights-and Measures -in 1960 and

interporeted or modified for the United States by the Secretary,

of Commerce. ‘The General Conference has made- some changes -in
the SI system since 1960. Further requirements or changes

are ant1c1pated as the need arises. The Assistant Secrétary
of Commerce-for Science and Technology, who was: delegated by
the Secretary of Commerce the respon31b111ty for 1nterpret1nq
the SI system for U.,5. usey " in carrying out this responsibil-
ity has. 1ncorporated ‘these changes. and made ;some other sl1qht

L The general characterlstlcs of the system have- remalned
the same.,:All units .are derived from seven base “units, and

'there is only one recognized unit for: ‘dach. Dhys1cal cuantlty——'

;the meter-.for length the kilogram for mass, etc. A major
‘characteristic is.that the SI. system 4'8.decimal--based on 10.
The multiples and: submult1ples are-’ formed by adding any 1 of
16 prefixes to the units, resulting in. _such terms as the mil-
limeter ‘and centimeter. Each unit and breflx has an. interna-
:t1onally agreed symbol which, accord1nq to the agreement, was
‘to be the ‘same in any lanquage. .

General structure of the SI system

The SI system 18 made up of three. categorles of measure—

ment units: basey, supplementary, and derived.  The 16 pre-
‘fixes indicating decimal multiples: and submultiples-are used
with these units to move un and down +the scale of ‘measurement.
1Currently, -there are ‘Seven base un1ts, two subplementary
units, -and . numerous derlved units.’ In add1t1on, some non-SI

,,,,,

‘Units may be used with SI units. However, not everyone has%‘

to be concerned w1th all these un1ts or preflxes.;WMMg ;

‘Base and supplementary un1ts f

The base unlts serve as the foundatlon for the SI system.
Base units are not more basic or fundamental than the other"
SI units but rather are considered to have indépendent. dimen-
sional or measurement propertles. They form the base from \
‘'which the other ‘units can be mathematically!derived. . For ex-

‘ample, a meter-=the base unit for length——mult1olled by a meter

'is a sguare meter, the unit for area. 1In addition. to ‘the sev-
en base unlts, there. are two units about which the“General
Conference is undecided as to whether they should be base
units or derived units. They are called supplementary unlts
and may be treated either way.
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 RELATIONSHIPS OF SI UNITS WITH NAMES

BASE UNITS - | &7

- DERIVED UNITS WITH,SPECIAL NAMES

kg

,Eev}goh_ : H(I‘(:!'IR/SZ): _

ST —y

MASS :

meter

LENGTH

. second g

.E:l@(.l/kg) - pascal
o . »' . ABSORBED ‘
[ERNE AR (1N

Ty ~'hééque R harks
cuylaemary Lk
,/ (OF.10NIZING " rnenuzucy.

: \ _...’____.._.4.7._-___...

Y RADIATION SOURCE)

,__;__J

i . -t ;i
2 e AcceLeRaTION |

TIME

mole

(A farad

coulomb’ ©w

" ELECTRIC CHARGE'  CAPACITANCE ™y

AMOUNT OF suasmnce '

ampere

siemens’ (‘ / Q) ohm

b it

:GONDUCTANCE £, "RESISTAI\ICE" P

i

ELECTRIC CURRENT

kelvm -

- rd;g,r;:‘dh__

THERMODYNAMIC TEMPERATURE | e

ot

cd

i CELSHUS
TEMPERATURE | MAGNETIC  yacetre

- LUMINOUS INTENSITY

{foc Ty~ 2315 | FLUX . pLux

SUPPLEMENTARY UNITS

—_—r-—d - DENSITY

' radian " —
: .rad

PLANE.ANGLE :

stevadlan
' ) sr

. LUMINOUS:FLUX

. SOLID ANGLE

''SOLID LINES INDICATE MULTIPI.ICATIUN
BROKEN LINES, DIVISION - -

- - o -

. HEAT:FLOW RATE:'

____._....._-.4__.____...._

‘7% ELECTROMOTIVE : :

- )

ENERGY, WORK, ®
QUANTITY-OF HEA

POWER, i

“POTENTIAL,

"FORCE

ILLUMINANCE.
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The base and suoplementary units w1th thelr symbols are
listed below.

" Base Units" f o ek i

‘Quantity o . Base Umtname ’ Symbol

ilengthv' S T meter m
time . L . : second
‘electric current- ‘ v ampere
s thermody namic temperature = o kelvin -
{amount ‘Qf substarice AR . L male. ;

! fJuminous intensity o candela’

' Supplementary Units .

'fOuantitv' - ;:f‘" . Supplementary Unit. -

iplaneangle - radian , : rad .

solidangle = T steradian Vo ' s

Derlved units::

RS

Measurement units for all other quantltles are mathema—
tically derived from the above nine units according to:the

rules of algebra. FEighteen of the derived:units:have been .-

given special names rather than being expressed in terms of
other units. These special-named, derived units are shown
on the following page.

2-10
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Sl derived units. w1th specual names

T " Slunit’ i
Quantity . uE_xpression E_xpression
' Name Sym- in terms in terms
: Rl bol - ofother of Sl base -
; units units. ..
fréquency hertz Hz 5'1
force newton: N kg wg 2 e
pressure, stress pascal Pa CN/m2 ks
energy,work , quantity ool o
of heat * joule* J N-m m2 kg +§2 iy
power, radiant flux watt,, w Jis - kg 5'3
quantity of electricity, o .
‘électriccharge ""coulorrib et AT T AT
| electric potential, ‘
potential difference, . '
electromotive force. volt ' W/A m2 . kg 53 . A1
capacitance farad F. c/v m2. kg <54 A2
< electric resistance ohm Q V/A m2 - kg - ) 3% A2
conductance " siemens. 8 A/V m2.kg1.s3. A2
magnetic flux weber: MW Y s m2 . kg-s2. Al
-magnetic’ flux densuty tesla T Wb/m?2 ~kgosZe A
inductance - henry: " . Lo Hew Wb/A m2. kg -s2. A2
.} Celsius- temperature o degree . ... ... s .
Y Celsius oc K
luminous flux lumen “Im cd - sr
iluminance . lux O x Im/m2 m2.cd-sr
activity (of a radionuclide) becquerel By s-1 o
‘1 absorbed dose, specific” A : B -
energy imparted, kerma, :
gray Gy J/kg m2.s2

absorbed dose index

The newton, for instance, is the
1 klloqram 1 meter per second squared.

‘The. numerous other derlved unlts are expressed
Examples«of these are given in the

N

of other: unlts.
tables.
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Eiamﬂples of SI derived-units expressed by-meaﬁé ofspecual names

Sl unit -
Quantity ‘ ..., ..Expression
" Name Synibol " Vin terms of
: : Sl base units
dynamic viscosity pascal second Pa.s.. - m-1.kg- st
moment of force' newton meter N-m-" “m2 . kg - s2
surface tension newton per meter N/m kg - s-2
power density, heat flux T S
- density, irradiance watt per square meter W/m2 kg - 53 :
heat capacity, entropy joute.per kelvin G JIK gy m2-kg-s2.K1
specific heat capacity, joule per kilogram o
specific entropy kelvin J/kg - K) m2.52.K"1
specific energy joule per kilogram kg - m2 .52
thermal conductivity watt per meter kelvin, W/im - K) m-kg-s3-K1
energy density joule per cubic meter ;- J/m3 m-1 - kg -s2
electric field strength volt per meter : V/m m:-Kg-s3-A1
electric charge density coulomb per cubicmeter C/m3 .. m3:5-A
electric flux density - coulomb per square Lo .

» » “meter C/m3.. m2.s.A B
permittivity * farad per meter Fim L m3. kgl-s4- A2
permeability henry per meter H/m m-kg-s2-A2
molar energy ) joule per mole o J/mol- m2 - kg - 52 - mol-1
molar entropy, molar heat =

.capacity joule per mole kelvin. ~ J/(mal - K) m2.kg-s2-K-Tmol-1
exposure (x andyrays) ¢oulomb per kilogram CTlkg kgl s A
absorbed dose rate gray per second Gy/s m2 .53

Examples of Sl derived units expressed in-terms-of base units

N Stunit

Quantity Name Symbol
area . square meter , m2
volume ‘ : “cubi€migter Ut e e B
speed, velocity meter per second m/s
acceleration meter per second squared . m/s2
'wave number : 1 per meter ' m-1
density, mass density kilogram per cubic meter kg/m3
current density ampere per square meter A/m2
magnetic field strength ampere per meter o A/m
concéntration: VoL T : SR ERER

{of-amount of substance) . mole per cubic meter P mol/m3. <

specific volume o cubic meter per kilogram . m3/kg
luminance e Y ‘candela per square meter- S e cd/m@

Prefixes

‘The metric system is decimal because prefixes are used
to indicate -multiples and submultiples.of 10. For example,
kilo (1;000) can be combined with meter to form kilometer
(1,000 meters). Milli (1/1,000 or 0.001) also can be used

with meter to form millimeter (1/1,000 of a meter). The 16

approved prefixes are: listed on the following page.

2-12
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Sl Prefixes

Multiplication Faptors : Prefix ‘ S| Symbol -
1000000000000000000 = 10" ' exa BT
1000000000000000 = 10'5  pos P
1000000000000 = 10'2 tera T

1000000000 = 10° giga G
‘ 1000000 = 10° mega M
1000 = 103 ilo K
100 = 102 hecto " h
10 ;%. 10" deka ” iiqq ‘
01 = 10l  deci _‘”’j‘dﬁ 3
001 = 102 R— c
0001 = 103 il m
0.000001 = 10°® micro u
0.000.000001 = 10°® nano C .o
0.000 000000 001 = 10712 pico p
© 0.000 000 000000001 = 10715 oo - p
0.000 000 000 000 000001 = 1018 - atto .,

It should be noted that the kilogram, rather than the gram,

is used as'the SI unit. It is the only SI unit with a pre-

fix, Because double prefixes are not to be used, the above

set of prefixes should be used with the gram rather than the
kilogram. :

Approved non-SI units

‘ Certain units which are not part of the SI system are
used so:widely that the Assistant Secretary of Commerce con-
siders it impractical to abandon them. The minute (of time),
hour, day, liter, metric ton, and hectare; and the degree,
minute, and second of angle .are acceptable for continued use
in the United States with SI units. These are often consid-
ered more practical for everyday use. For example, since the
second is the SI base unit for time, 1 hour would be 3.6 kilo-
seconds (3,600 seconds). Obviously it is more practical to
use hour. ‘

2-13
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The use of 10 other non-SI units is. accepted for.a
limited ‘time in the United States, subject to future review.;
These include the-internationally used nautical mile (1,852 .

meters), the- knot (1 nautical:mile per hour), and the bar (100

kilopascals). ~Under the SI"system,  these would be replaced by
the kilometer, kilometer per hour, and the kilopascal. - No.
t1me frames have been establlshed for pha51nq out these un1ts.
Interpretlng and mod1fy1ng 5

the SI system for U.S. use -

The A581stant Secretary publlshed tbe 1n1t1a1 1nterpre—‘

" tation and modification of the SI system for U.S. use in the

December 10, 1976, "Federal Register." 1/ This was later

amended slightly in the October 26, 1977, "Federal Register'’ 'to

adhere to recent cbanges approved by the General Conference on
Weights and Measures. ~The National Bureau of'Standards first
published guidelines for use of the metricsystem on June 19,

1975, before the Metric: Conver51on Act, at:the request of the

U.S. Commlss1oner,of Education. The Education Amendments Act
of 1974 (see ch. 24) also had specified for U.S. use the SI
system as interpreted and modified by the Secretary of Com-

* merce. The Secretary delegated the respon51b111ty to NBS.

The AsSlstant Secretary has only sl1ght1y modified the::
SI system for U.S. use. For example, the hectare is an ap-
proved: non—oI unit which can®continue to be used with SI
units. - The General Conference on Weights and ‘Measures con-
siders’ the hectare to be a non-SI unit that is' approved” for a
limited time 'subject to further review. ' This is a small
change because the General Conference’ establlshed no time.
frame for pha51ng out the hectare. Other modifications were:
to specify use of the "er" spelling of meter and liter rather
than the international "re" spelling and the capital "L" ra-—
ther than the internationally agreed lowercase "1" as the sym-
bol for liter.

These modifications have been controversial. Some would
prefer that the United States adopt the SI system in its en-
tirety, with the internationally agreed spelling and symbols.

1/The "Federal Reqlster" is a document published daily, Monday
through Friday, by the General Services Administration. It
provides a uniform system for maklng regulations and legal
notices issued by Federal agencies available to the public.
These include Presidential vproclamations and Executive or-
ders, Federal agency documents having general applicability
and legal effect, documents reguired to be published by act
of Congress, and other Federal agency documents of public
interest.

2-14

T

¥

PR KON 1 B i




LA

i

yHIY

MR | S

RSN Tn 2 41 R R )

For example, the automoblle .industry prefers’ the re spelling
of liter and meter. Others believe that such changes are
needed if the system is to ke used in the United: States.aam,
For example, the Assistant Secretary determined that the er
spelling: for meter- and liter  would be used because it would: .
be more familiar to most Americans. The capital L was spec-.
ified as the symbol for liter because the lowercase 1 on the
typewriter and in print is little or no different from the
number "1." This could cause confusion. The script "1," a . |
possible alternative, is not on many typewriters and would -
cause difficulties in typeset materlal, electronlc data pro-
ce851ng,'and teleprlntlng

De51rab111ty of some SI unlts

Some dlsagreements are developlng over the de31rab111ty
of certain SI units. The pascal, the SI unit for pressure,
appears to be the major unit of: controversy.. ' Some groups.
prefer other metric units for pressure, such.as the bar, mil-
llmeters of -mercury; and kllogram force per square centimeter.

= The ma]or objectlon -to the pascal is that it is too smallf

of a unit with which to work. It takes about 1,000 pascals to
equal 1 pound per square inch. A bar, for instance, is equal
to 100 000 pascals or about 14.5% pounds per: square inch.

Another objectlon is that metrlc unlts, such as the bar,
are more internationally accepted than the pascals because
many metric countries use them. The bar and millimeter of
mercury are also used to.some extent in this country. In
addition, some believe that a change to pascal will increase
confusion and the chance for error. - The expected. confusion
would result because new units are being used and the pascal
is cons1dered too abstract or . difficult to v1suallze.

SO —
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CHAPTER 3

THE DEBATE

Ascribed advantages e :
The metric system is a better-
measurement system
The United States would 301n ‘the rest
of the world in a common measurement
language
&Conver31on would improve or help: ma1nta1n
the U.S. foreign trade p051t10n
- Conversion would provide opportunltles
for worthwhile changes ‘
Conversion would stimulate the economy

Convers1on is 1nev1table and would cost

more later -
Ascribed disadvantages' d4 R
‘The customary system is a better
measurement system

Conversion would be enormously expens1ve N

Conversion would cause confusion

Conversion would hurt the U.S5. economy

There is no need to convert to the
metrlc system -
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CHAPTER 3

THE DEBATE

- Whether the United States should convert to the metric
system has been debated almost since the WNation's birth.
The debate has centered basically around--the advantages and
disadvantages. Many of. these arguments are as old as the de-
bate itself. ) o L S :

' The follow1ng is a.brief description.of the- generally
‘ascribed advantages and disadvantages. - We have not evalu-
ated these on an overall basis;- however, they are addressed
in the follow1ng sections of this. reoort as they relate to
the various segments of our economy..f~~ %

ASCRIBED ADVANTAGES

Proponents of U.S. conversion to the metric system

geherally support conver51on ‘because of the follow1ng cited
advantages. S e

TheAmetric system is a better
measurement system

.. The metric system was developed by scientists. ‘It is
a planned, more rational, simple, and coherent system.
There are only a few. ba31c units--one for length, one for
weight, etc.--from which all other units are derived in a
coherent manner. Prefixes allow expansion and contraction
of all units to fit the full measurement range with a base
number of 10. 1In addition, metric has a more fundamental re-
lationship to human anatomy. People have 10 fingers and have
long learned to count on them.

Because the metric system is based on 10, it is easier
to compute numbers. 1In many cases, a zero is added or a
decimal point is moved. For example, to calculate the num-
ber of meters in 187 kilometers, simply multiply by 1,000
which moves the decimal point three places to the rlght
On the other hand, calculating the number of yards in 187
miles requires the‘knowledge that 1,760 yards are in a mile;
1,760 is then multiplied by 187.

Calculations are made easier because there is no need
to remember how many inches are in a foot; feet, in a yard;
cubic inches, in a gallon; or whether an ounce is fluid or
avoirdupois. The metric system also distinguishes between
mass (the kilogram) and force (the newton) which has confused
students for many years under the customary system.

3-1
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~As a result, the metric system is® easier to ‘teach, learn,
and use. It results in fewer errors.. Schools would have more
time to teach other subjects; engineers, archltects, and oth—
ers would save tlme and make fewer errors, -

The Unlted %tates would jOln the rest of: the

world in a common measurement 1anguage

Nearly all other countries have adopted or are adoptlng
the metric system. The United States has remained customary
orlmarlly because it trades mostly: with Enqllsh—speaklng coun-
tries. Now, they are convertlng to the metrlc system. ’

-If the United States.converts, 1ts sc1entlsts, bus1ness—
men, educators, and government officials’ speaking a common
measurement language .could better communicate not only with -
each other but with thelr counterparts in other countries. .
As it is now, American scientists use the metric system while
engineers use the customary system. TranSfer of data and
technologlcal advances would be fa0111tated -

The Unlted States would fortlfy 1ts 0051t10n as-a 1ead-'
er by joining the rest of ‘the world in a common measurement
language. There would be one less hanqup in relations with
other nations; fewer obstacles would help in setting interna-
tional standards. Conversion to :the metric system .should:
help the United States win acceptance of. its 1deas.3u;_5u"gw

U.S. military allies are either metric or committed to
metrication. Therefore, if the United States converts, m111—
tary coordlnatlon and lOngthS would be 51mp11f1ed : :

Travelers and other U.S. c1t1zens who have deallngs
abroad are handicapped to the extent that they are unfamiliar
with the commonly-accented measurement language.‘ Metrication
would eliminate conversion problems. P A

The ‘United :States can better do its part to aid the de-
velopment of other nations if it adopts the measurement lan-
guage that is familiar to almost all of them. = The use of a
simple and practical metric ‘system by all nations would be a
great contribution to civilized life. If the United States
does not convert to the metric system, it will be "an island
in a metric sea." . L o A

Conversion would 1mprove or help ma1nta1n the

U.sS. forelgn trade 0051t10n

* The U.S economy today, as never before, depends on trad-
ing raw materials, manufactured products, even technological
ideas with countries that have changed to the metric system
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or -have committed themselves to 4o so. The United States
puts itself at a competitive disadvantage by using a measure-
ment system different from that of the world market. U.S.
exports may not be as acceptable if :they are in the customary
system. Customers would be unfamiliar with the system and
may be concerned about replacement parts. . International

standards, that are increasingly metric, have been cited as’~

potential nontarlff barriers whlch could hamper the export of
U.S. goods abroad - . 2

§5o%e The Unlted States is: placed at ‘a competltlve dlsadvantage
with other: industrial nations which are writing trade agree-
ments on the basis of metric measurements. The .emerging na-
tions of Asia and Africa--representing vast new markets--also
deal primarily in metric units.: .A U.Ss:exchange of its mea~.
surement system -for: that of other metric countries would help
insure the..success of its future:. trade. relat10nsh1ps~ “there-
rfore, conver51on becomes advantageous.;q;v : .

U S compan1es that want to make metrlc Droducts for sale
in the United States or foreign markets may find it advanta-
geous: to build the plant abroad and employ foreign workers
familiar -with the metric system. Exporting of jobs to metric
countrles is already A problem. : : . : =

Conver31on would prov1de opportunltles
for worthwhile changes - G

'The‘processes involved in a changeover to the metric

‘system .would prov1de opportunities ‘and possibly the impetus

needed to .examine how things: are done and to "clean house."
Many changes would probably go beyond what is necessary.
Faced with -the>.task of doing things differently, creative
people would: take the opporténity to do. ‘things better., Met-
rlcatlon could; stimulate invention ‘and 1nnovat1on.' It is a
"once in a lifetime opportunity." SETE e

Dur ing-: adjustments to the new measurements, many of the
varieties of .nuts and bolts could be eliminated and the number
of product sizes'reduced. ' This would in turn reduce the num-
ber of dlfferent 1tems in; 1nventory.;

An opportunlty would ex1st to improve the technlcal
quality of building codes and other engineering standards.'
Schools would have an added reason to revamp textbooks and

curricula.

Many of these opportunities may be available'under the

customary system but are unlikely to be -taken advantage of

because of'a reluctance to make changes unless necessary.
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These changes could result in 51qn1f1cant cost sav1ngs and
product 1mprovement.;, - oo ‘ , D _

Conversion would stlmulate the economy

The new economic :activity involved in:a:changeover to

the metric system would be . a stimulus comparable to the ac=-*

tivity which took place several years ago in the: space pro-'
gram. This would include purchase of metric tools, equipment,
scales, micrometers, books, conversion charts, and the serv-
ices: requlred to adjust or: adapt scales :and other equ1oment

Conver31on is 1nev1tab1e and would
cost more later; - ,

U.S conver51on is 1nev1table because nhearly all other
countries are metric, and many large U.S. firms are convertlng
or will be converting. The "ripple effect" of their conver-
sion: will eventually bring about metrication of the Nation.
Thus, the Nation is. already heading toward conversion in an-
unorganized way. Conversion will never cost less than it will

right now.. Postponing the decision to change transfers a

greater burden to future generatlons of Amerlcans.,'

Small bu51nesses and self employed craftsmen would bene—
fit from a coordinated conversion program. - As it is, they are
being left behind by some big firms that have the eéxpert
staffs and international connections to adapt 1ndependent1y
to the increasing worldw1de demand for metric goods. .

ASCRIBED DISADVANTAGES Lo . o

The dlsadvantages frequently attrlbuted to metrlc con—'
version generally. . fall 1nto one of the follow1ng categorles.

The CLstomary system is a better

measurement system :

;The U.S. customary system is tallored to meet practlcal
everyday needs of human beings. It is firmly established,
and it is not obsolete or complex. It came into being by
natural selection. Although use of the metric system has been
1ega1‘in the United States since 1866, the customary system
survives because 1t meets a:need. For most purposes, the -
inch, foot, ounce, pound, and gallon are the most'satisfactory
unlts. No metric units are comparable, and equivalent metric
measurements involve more digits and thus are less convenient
and offer more chances for errors.

Customary unlts are related to everyday experlence. 'For
example, a person's foot is about a foot long.  Customary
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guantities ‘are more understandable. The meter, about 4 .inches
longer than the yard, is too great a length for general appli-
cation, and the gram is too small to be practical. Metric
names are more dlfflcult ‘to- say- and remember.’ L

" The human mind through the ages: has resorted ‘to :binary
division (dividing in halves) as the easiest form of division.
Next to-halves is thirds for simplicity, and from the combi-
nation of these is derived the common multiple 12, whichis -
found in the division of time and the circle.  These: common
and simple forms of:-division and multiplication are not found

~in the metric system. France, the birthplace of the metric

system, recognized the logic -and convenience of binary: divi-.
sion and adopted a modular unit of 1.2 meters, a dev1at10n

from 10, because it is lelSlble 1nto subunlts of 200, 300,
400, and 600 mllllmeters. ; : L

“The metric system is not as srmple as proponents clalm.
It cons1sts of 7 base units; 2 .supplementary units; numerous
derived units; 16 prefix multiplication factors; and many ..
rules of appllcatlon, 'selection, combination units, ‘usages:

‘of selectéd quantities, equations, conversion, roundlng,‘accu—

racy, significant digits, interchangeable parts, ‘tolerances,
and terminology. The purported logic of the metric unit names
is violated by the use of the kilogram, :rather than the gram,

~as the base unit for mass.. The basic objectlon to metric .

units is. that they come in: the wrong 51zes for people.”

Convers10n would be enormously expen51ve'

Metric conversion would entail costs for. such items as

‘tool and die changes; eguipment adjustments: retraining; dou-

ble inventories; metricating of standards and ‘building codes
and other such regulations and laws; and purchases of metric
tools, thermometers, scales, and so forth

Everybody would have to pay for converSLOn because 1ndus—
try would have an excuse for higher prices; labor, an éxcuse

for higher wages; and government bureaucrac1es, an excuse for
hlgher approprlatlons.

People would have to be retrained, and durlng the re~
training period, they would be deprived of invaluable
experience--the intuitive feel for measurements on which

~craftsmen, mechanics, and engineers depend. The result would

be a temporary loss of productivity.

If the United States decides to go metric, it is likely
to pick the wrong time. No one can guarantee what the econom-
ic conditions would be throughout the transition period.

e
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Convers1on would cause confus1on

’y

The 51mplest measurement system is the one that people
presently know and understand. Changing measurement systems:
would cause confusion. Consumers would not know whether they
are getting their money's worth for things sold by length,
volume, or weight. They may not be able to recognize pr1ce”
increases. During the transition, the Nation would be part
metric and part customary. Buyers—-and sellers could get badly
out of phase with one another as to the ava11ab111ty and de-—:
mand for parts. ' : R N L .

Deallng with unfam111ar quantltles may increase resoonse
time and mlstakes. Thls may result in safety hazards.' ‘

Conver51on would hurt the U. 5. economy

jPlanning:and.coOrdlnat1ng the conversion ofa large, com-
plex,; industrial economy, such as that .of the Uniteéed .Statesy-
would. be extremely:difficult. Conversion costs would inten-
sify inflationary pressures in a strong economy and would:
1mpede and poss1bly preclude recovery in a slack economy.

.+ The need to rede51gn, retool, and retraln in the metrlc
system could delay or cancel needed projects. Large amounts
of energy may be required to replace or adapt prematurely ob-
solescent equipment, meters, scales, buildings, etc. - Capital
to finance metrication and dual inventories would compete with

other needs for scarce capital. Small- and middle-sized busi-.

nesses could not compete w1th large 1nternat10nal corporatlons
for thls capltal. . P : : :

: Some f1rms have oroposed changes in antitrust: laws to

‘allow them to get together for the purpose of plannlnq metri-

cation. Such changes could result in greater economic concen-
trat1on of f1rms w1th less compet1t10n. : G

1 Imoorts of metric products would 1ncrease because metrlc
products required for U.S. conversion would-have to be obtain-
ed from other countries. Furthermore, due to the additional
costs of conversion, U.S. products would be more expensive
than imported products that are already metric. Foreiqn'coun—
tries would benefit from broadened markets and new economies
of scale due to increased production and lower operating
costs. The United States would also be flooded with customary
products produced by other countries to meet the cont1nu1ng

demand by the public for goods during the conversion period.

Conversion could be a contributing factor in the prema-
ture obsolescence of U.S. manufacturing plants due to the
need to retool or replace equipment. Multinational firms may

3-6

AR N




LCEL

il

L0 5 20 TR IR T AR |0 A

locate the new plants in foreign: countries. to' take advantage
of lower construction costs, lower labor costs, and tax ex-
emptions. - The end: result would be the loss of constructlon
and productlon jobs. - : i ‘

There 1s no- need to- convert to
the metrlc system

The Unlted States should not risk 1ts 1ndustr1al success
obtained under the customary system by changing to a new sys-
tem. The system of measurement is not a significant factor
in international trade. The factors which influence exports
are price, quality,- availability, credit, and technology.
Other considerations are competition with foreign cartels,
government-subsidized 1ndustr1es, and U.S. dlplomacy and '
treaties. : 2y >

.It is unlikely that any country would prohlblt U.S. im-
ports on the basis that they are not designed: and engineered -
in metric units because of a fear of rec1proca1 action by the

United States. The U.S. export trade is small compared to its

gross national product. - Much of the exports are not measure-

. ment-sensitive. Foreign considerations do not warrant disrup-

tion of the whole economy. Worldwide usage of U.S. customary
standards is still much: greater than- that of metrlc standards.

: Several dlfferent natlonal metrlc systems are in use in'

~the world today. The International System of Units is mate-

rially different from the metric system of other nations.

- There is much evidence that these nations intend to protect

their interests and thus are reluctant to adopt SI in its
entirety. Even if the United States converts to SI as pro-
posed, still.ino s1nale worldw1de system of measurement would

ex1st..

Many of the advantages of metrlc convers1on are opnor—
tunities for change. These exist under the customary system.
Many- improveménts in our way of life: have been made in the
past under. the customary system.
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CHAPTER 4

IMPACT ON U.S. TRADE UNCERTAIN -

The extent to which U.S. trade will be affected by the -
United States becomlng predomlnantly metric or remaining pre—
dominantly customary is uncertain. _However, at this time. the
effects of metrication in- promotlng or’ deterrlng trade are
considered to be relatlvely 1n51gn1flcant, and: the companies

vln the forefront of metrication appear to be pursulng conver-

sion for reasons other than a.- possxble favorable 1mpact on
trade, : e ) . T s

To examine the effects of metrlcatlon on U S trade, we
sent questionnaires to the Fortune 500, discussed. the impli-
cations with officials of selected lndustrles and Federal
agencies, and reviewed applicable literature. This chapter
summar izes the results of this examination. Additional com-
ments on the impact of metrication on trade of specific com-
panies are included throughout this report.

IMPACT ARGUMENTS

Proponents of U.S. conversion have spoken of the United
States as being isolated in an 1ncreas1ngly metric world.
They point out that most countries of the world are presently -
using the metric system or are converting to its use. They
note that the continued acceptability of U.S. products is
necessary if the United States is to maintain its stake in
world trade. As the world becomes increasingly metric, they
state, so do international standards of measurement. While
standards can be constructive and necessary, they can some-
times impede international trade, having the effect of pro-
tecting against import competition. Consequently, proponents
of metrication have argued, U.S. products are or will be dis-
criminated against because they are produced to customary
rather than metric standards. 1In short, if the United States
is to maintain a favorable balance in international trade,
metrication is necessary. This was the conclusion of the 1971
National Bureau of Standards metric study report.

NBS surveyed exporters and importers of measurement-
sensitive goods and estimated that, had the United States gone
metric by 1970, exports of measurement-sensitive products in
1975 would have increased by $600 million while imports of
such products would have remained about the same. Another
estimate of the United States losing as much as $25 billion
annually on the world market due to its not being on the met-

‘ric system has appeared in various pieces of literature on

metrication. ($25 billion is about 22 percent of the $115
billion total U.S. exports in 1976.)

4-1
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 Opponents. of metrication, or at least those opposed to

the GovernmentbencoUraginguor,mandatingkmetrication,,are‘like- ’

wise .concerned with its effects on international trade. ‘Rep-
resentatives of organized labor ‘believe: metrication would put
the United States at a distinct trade disadvantage. ' They' ar-
gue that generally goods flow from low cost to high priced
areas. Thus,“convers1on’wouid be an:additional ‘burden—for~
U.S. goods,; since ‘the.costs ofi conversion would have to be:

added to U.S.: prdduced ‘goods. :On:the other hand, foreign
countries which: are ‘already metric would:not incur thi's ‘cost

and. would also benefit: from broadened markets .and new econo-:

-mies of scale: due to rincreased productlon ‘and: lower- operatlng

costs. Also, foreign-made metric tools,vlnstruments, and
equipment urgently needed by U.S. industry would flood the
country. - The! end result ‘would: be raimass influx of. foreign

. goods: te: U.S. markets;, resultlng “in the lOSS’Of hundreds of
thousands of U S. JObS.a chd s P TR PR

The 1ncrease 1n domestlc productlon costs due to metrl-
cation will, according to organized labor:. representatlves,tv
contribute to the premature obsolescence of many plants.
They -also maintain that given lower foreign :construction
costs, exemption from fair labor. standards, minimum. wage reg-
ulations,: unemployment compensation, health and safety regu-

~.lations, ‘environmental standards;, ‘etc., and lucrative tax
-loopholes which maKe:«it more profitable for multinationals -

to relocate and produce abroad;,” iti‘is very probable: that -
many -U.S. companies will relocate: in: foreign .countries. '

. Thus, they say, hundreds: of thousands of:American: rjobs will:.

be 1ost, and consequently, metrication will. contribute to-
the acceleratlon of the delndustrlallzatlon of the Unlted
States."" . AT s : S o

The argument put forth by representatlves of organlzed

"1abor is based largely :on the-assumption ‘that the .costs of =

conversion ‘will be substantial--or-at: ‘least substantial enough
to make: foreign goods relatively cheaper and/or cause plants:
to close:.down. . However, the costs of metrication for the: .-
United'States“have.not,been;determinedytand it appears that.a
valid estimate will be difficult to: obtain. ' Few ‘companies
have determined 'the cost of converting and those 'that have :
consider the information to be proprietary. ' One company, how-
ever, told us that the actual costs of. conversion were consid-
erably less than originally antlclpated. Of the :large: busi=
nesses responding to our gquestionnaire (see ch. 5), 67 percent

- believed that :conversion would be costly... In considering the

long-term effect of conversion on prices;, however, only 25
percent saw any increase in the price of their products. Of
these, only 2 percent believed there would be a major in-
Crease. R
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Similarly,. the estimates of .exports-lost areiequally

‘nebulous and their extreme range--the :$600-million estimate -

of NBS to the '$10-:to.-$25~billion estimates appearing  in var-
ious: publlcatlons--further add to the uncertaln effects of
metrlcatlon. L : o S—

: Whlle the 1971 NBS study was based on substantral analy—
tical data, the $600-million increase in exports projected .:
in that  study resulted from weighing estimates of questionable
reliability. ..A Commerce Department official noted that little
reliability ‘has :been::attached to the $600-million estimate..:
He also believed that. to:. undertake.a s1m11ar study at present
would be an exerc1se in fut111ty. ;L%~ S R i

It should be noted that our ‘review. of the<NBS study
showed that: imports; would have increased: by -about $100: m11-‘
llon, thus partially offsetting the $600 ‘million ‘reported::

increase in exports. While this figure is probably no better

than ‘the ‘$600, million, it further p01nts out the uncertalnty
of the effectS*of metr1cat10n.»n o : =

Accordlng to an off1c1al w1th the Offlce of the Spec1al

‘Representatlve for ‘Trade. Negotiations, conversion to the met-

rici:system would facilitate trade by providing a common mea-
surement language, but measurement has not been a major factor
affecting trade. It has.been overshadowed by :many other .fac-
tors, such as:price, reliability, anhd reputatlon.‘ Future
metric requirements and standards of forelgn countries may
have ‘an: impact on the" ‘marketability of U.S. productsw Whether
they w1ll or not depends on what the other countrles do.

One Amerlcan Natlonal Metrlc Coun01l off1c1a1 stated

that the impact of metrication on international trade constl—

tuted ‘a .very "nebulous area," and officials of the U.S. Metric
Association have said that nobody knows how metrication will

affect :trade. We would agree with those conclusions. It is

difficult, if not impossible, to walidly ‘calculate the effects
of metrication on U.S. balance of trade when many other fac-
tors appear .to determine. the flow of goods. Nonethelessy, °
given the many allusions to the 1mpact of metrication on
trade, it is -important ‘to put the varlous arguments in. thelr

~fproper PerSpectlve.

TRADE AND THE U S ECONOMY

The 51gn1f1cance of the trade issue can be placed in some
perspectlve by notlng the follow1ng statlstlcs for 1976.
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Exports .
: ‘as percent
-Gross : ~ of gross
national : _ national
product Exports Imports ! product

United States , 1;§g§ 115 129 7

European Economic : '
399 440 27

Community
Japan 67 65 12
canada 39 39 a3

Source°5 Internatlonal Economlc Report of the Pres1dent Janu-
ary 1977.

Thus, while trade cannot be considered to be an 1n31gn1-

ficant factor in the economy, the U.S. economy as a whole is
much less dependent on- trade than other major lndustrral
natlons._

The measurement factor in U.S. trade

It appears that no dramatic increase in measurément-
sensitive exports would occur as a result of metrication.
Perhaps the most valid conclusion of the 1971 NBS study on
trade was that the measurement factor is relatively insigni-
ficant in promoting (or deterring) either exports or imports.
That conclusion was based on a survey of exporters and import-
ers of measurement-sensitive goods. U.S. exporters of such
goods indicated reputation and reliability, superior techno-
logy, and high quality of products as the three most 1mportant
factors promoting sales abroad; while nonconpetltlve prices,
strong local and third country competition, and high tariff
duties and shipping costs were indicated as important deter-
ring factors. U.S. importers regarded competitive prices as
the most important factor promoting imports, while important
deterring factors included no technologlcal advantage, no
quality advantage, and high prices.

Our survey of business (ch. 5) showed that the Fortune
500 companies had essentially the same opinion. Although
about 60 percent of the respondents believed that conversion
to the metric system would facilitate trade through a common
measurement language, the respondents did not, as shown in the
following chart, expect a significant change in exports or
imports as a result of conversion.
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quallty,'superlor technology, and a good reputatlon and reli-
ability were deemed to be of major s1gn1flcance in promoting
exports by a majority of the companies while the design and/or
manufacture of products in either customary or metric units
and/or engineering standards were considered to be of major-
31gn1f1cance by relatlvely few of the companles. -
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Factor

Competitive prices
High quality

Good reputation
and reliability

Superior tech-
nology

Good product main~
tenance and -
servicing

Growing foreign
market

‘'Vigorous company

export promotion

Design/manufacture
of products in
metric units and/
Or engineering
standards -

Design/manufacture
of products in
customary units

and/or engineering

rtune 500
.Factors Promoting -Exports
: Significance No basis
Major =~ Moderate Minor -~ to judge
--------------- (percent) ——==———mm—mw—o
77 13 3 7
75 15 3 -7
75 14 3 8
.56 v 20 12 12
47 21 16 16
42 30 14 14
31 27 25 17
6 18 48 28
4 12 56 28

standards

Noncompetitive prices and strong local and/or third
country competition were considered of major significance in

deterring exports.

Again, as the following chart shows,

few of the companies considered the design and/or manufacture
of products in customary or metric units and/or engineering
standards to be of major significance in deterring exports.
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-Fortune 500

-Factors Deterring EXports

Factor = -

Noncompetitive prices

Stnongvlocal and/or
third country
competition

High tariffs'
High shipping costs

No téchnoiogical
advantage

No quality ddvantage

Nontariff barriers
other than measure-
ment standards

Design/manufacture of
products in metric
units and/or engi-
neering standards

Design/manufacture of
products in custo-
mary units and/or
engineering standards

R Significance
. .-Major Moderate Minor
————————————————— (percent)
- 68 14 7
61 19 10
51 23 12
44 28 16
34 22 2650
32 28 25
25 25 24
3 12 58

Other countries' metric laws, regqgulations,

and practices

No basis

- to_judge

IO
14
12

o188

15
.26
29.

- 27

In the years since 1971, a practice has grown among the
countries with which the United -States has major trade rela-
tions to require imported products to be packaged, labeled,
m The Office of International.
Finance and Investment within the Department of Commerce has
prepared a handbook for U.S. exporters which describes metric
laws, regulations,. and practices of vatious countries.  Of -
special interest are those dealing with Canada, the European
Economic Community, and Japan, the major trading partners of

and documented in metric units.

the United States.
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- Current Canadian regulations require that declarations
of net contents of all packaged consumer goods be stated in:
metric units and any other declarations be voluntary. In
general, Canadian metrication planners seek to'maximize the
shift to approved metric packaging sizes; but at the: present
time, the use of metrlcally d1mens1oned ‘packages lS mandatory
only for certain products. - : S e ,

The European Economic Communlty issued a dlrectlve in
October 1971 which established 'the International System of
Units as the basic:system of weights and measures for-all
member states. Under the present schedule, after April: 1978,
all-products destined to .Community markets must ‘be described
both on labels and shipping documents in SI :metric units or
acceptable alternatives as specified . in the directive.: The
directive does not prohibit dual labeling in both metric and
nonmetric units; however, the use of dual labels ‘may be re— ;
gulated under natlonal laws.kiﬁ,," e T

A 1974 dlrectlve on paCkaged liguid foodstuffs estab-
lished metric container sizes and tolerances for certain pre-
packaged liquids. Another dlrectlve established full toler—
ances and marking regulations in metrics for various products,
including foodstuffs, cosmetics, detergents, pollshes, ferti-
lizers, herb1c1des,'and palnt. Member states," however, will
be allowed to accept imports in other container sizes for its
internal domestic ‘use: only. - Additional directives now under
consrderatlon on foodstuffs and common consumer products are

containers for some products, upon implementation. Dlrectlves
now in effect on measurlng instruments specify the sole use

.of SI un1ts for the callbratlon of certaln instruments..

, 4
A Commerce Department official. 1nformed us. that at pres-
ent there is little evidence as to-how the various European &
Economic Community countries will lmplement the directives and
that enforcement may vary from country to country and from

product to product. Thus, in considering Community requirements -

and their impact on trade, three things should be considered:
the specific product, the country involved, and the importers'

. requirements which will reflect commercial practices as well

as country and local laws and ordlnances.

Japan, which off1c1a11y adopted the metrlc system in 1951
and completed its changeover in 1966, requires the exclusive
use of metric units in the measurement and description of
domestic products traded within the country. - Japan does not

require, however, that imports be packaged, labeled; or- other-

wise denominated in metric units. Nonetheless, to be eligible
for retail sale in Japan, canned, processed, and bottled food-
stuffs must be labeled solely in metric units. At the present

4-8
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time, regulations do not require that measurlng lnstruments
be: callbrated solely in metrlc units. . P SRR : :

- In: conclu31on, the only standards mentloned above whlch
requlreﬂpackaglng,ln rounded (hard) metric:units:are those ..
Canadian standards for certain products. Otherw1se,f1mport
regulations require only that packaging, labellnq, ‘and doc-.
umentation lnclude metrlc unlts.

_ Our survey of 1arge bu51nesses showed that the majorlty
-of those responding believed that the import regulations of
Canada, the European Economic - Community,-and Japan, relatlng
to measurement :standards,; had little:significant impact on.
the export of: their products. . The following chart: shows: the
bu31nesses' v1ews of the 1mpact of these regulatlons.ru FERTRRE

Fortune 500 0 inions.on Im act of Foren gn Countrles Im ort Re"ulatlons On Ex orts -

PERCENT
mov

aq-'-'

70—
soL

‘(MNAa4wlkmi
EUROPEAN ECONOMIC COMMUNITY —

-JAPAN :

NO SIGNIFICANT +~ i+ NO BASIS TO!

- PREVENTIONOF . I-IAMPERING OF v
EXPORTS EXPORTS N IMPACT L ... . JUDGE . .

) Overall; the measurement system is neither considered to
promote nor deter foreign.trade; nor is it considered to be a
major factor for locating a plant overseas.

For 80 percent of the companies, the measurement factor:
is of no significance in 1nf1uenc1ng the decision to locate
a plant overseas. It was of minor s1qn1f1cance to 10 percent
of the companies, and only 4 companies, or 1 percent, felt
‘that it was of moderate significance. - None viewed .it as be-
ing of major significance; 9 percent had no basis to judge.:

4-9
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:equ1pment*sector

- = An ‘overall:-summary of 'the- Fortune 500js iposture: by each”
1ndustry on Select: metric’ activities), . 1nclud1ng forelgn trade,
is contalned in! appendlx IX of chapter oS N BT L SR BT
Role of the multlnatlonal corporatlon in
metrication--the: farm and 1ndustr1a1 TR e

L

The farm and 1ndustr1a1 eoulpment sector haq been genen

‘ally recognized as'taking a prominent: p051t10n in converting

to the:metric system.. An.official,of one:company has advanced
several characteristics:of this industry which: ‘perhaps have

placed: it :at the-forefront: of:.the: movement toward metrication.
First,. :the industrny isiheavily-involved in .international com=.

‘ merce.'iMany1ofmtheﬁindustry!swﬁinmswhave:magufactUringnfaeir

lities abroad, in countries where international standards are
being developed, and these standards are metric standards.

- Second, the industry is a highly integrated. one; that is,
within the industry a large proportion of the manufactured
components are produced. Consequently, internal change to in-
dustry products can be incorporated with less involvement of.
other industries.

Third, industry products use many components of somewhat
arbitrary and uniqgue shape and dimension, allowing the freedom
to use metric dimensions in all areas except those of critical

"interface with components dimensioned in inches. Several

other characteristics of the industry are also mentioned by
this official in explaining the sector's activity in moving
toward the metric system, and these include the heavy involve-
ment of the industry's firms in the development of standards
through technical societies. - :

As in other industry sectors, the distinction has been
made between the two major types of conversion, hard and soft.
Major firms within the industry vary as to whether they are
approaching metrlcatlon from prlmarlly "soft conversion" or
"hard conversion." :

As stated previously, the large producers of farm and
industrial equipment are heavily engaged in international
trade, and often they have manufacturing and marketing oper-
ations throughout the world. Significantly, however, none of
the major firms we contacted believed that metrication would
make much difference as far as exports are concerned. Our sur-
vey of large businesses elicited essentially the same opinion
from some 40 farm and industrial firms that responded. Al-
though 27 of the respondents believed that conversion to the
metric system would facilitate trade, the respondents did not
expect a significant change in exports.

4-10
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Twenty-five respondents: believed that their exports would not
change :as a result of metrication, 13 saw a slight increasei

and the remaining 2 were equally-divided in their -epinions .

between a s1gn1f1cant increase and a s1gn1f1cant decrease.

As did the Fortune 500 in general the farm and 1ndus-~
trial equipment companies respondlng to our survey. cons1dered
other factors as being more s1gn1f1cant than measurement unlts
in promoting or deterring exports. ' As. the following charts
show, only a small percentage iconsidered the measurement

units as:being of major significance. A greater percentage

of the farm'and industrial equipment companies considered
measurement to be of moderate’ 81gn1f1cance than did the: For;
tune 500 in general. Their. views on the factors: promoting: .
and deterrlng exports are shown on the follow1ng tables. '

4-11
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Farm and Industrial Equipment Companies

Factors Promoting Exports

Competitive prices
High quality

Good reputation:and
reliability

Supetior technology

Good product‘main—

tenance and
servicing

Growing foreign
market

Vigorous company export

promotion

Design/manufacture
of products in
metric units and/
Oor engineering
standards

‘Design/manufacture
of products in
customary units
and/or engineering
standards

4-12

Significance" No basis
,Mpderate ‘Minor: - “to judge
—-———---—————-—(percent)---=-———-—-o——o
L7 23 - -
79 18 S 3 -
85 15 - -
71 26 3 -
79 21 - =
38 51 8 3
32 45 18 5
8 33 38 21
8 21 55 16
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‘Farm -and Industrial Equipment Companies

:Factors Deterring -Exports

. Factor -

Noncompetitive prices

Strong local ‘and/or
third country
competition

High tariffs

High shipping costs

- No technological

advantage
No quality advantage
Ndntariff barriers

other than measure-
ment standards

Design/manufacture of

products in metric
units and/or engi-
~neering standards

Design/manufacture of
products in custo-
mary units and/or
‘engineering stand-
ards

P :"";Significahce No basis
Major ~Moderate Minor to judge
———————————————— (percent)——-—=—-——meeee—

63 29 3 5

62 22 13 3

54 35 8 3
38 43 16 3
- 39 19 28 14

33 28 2875 o110
" 25 39 22 14

3 22 54 99
5 14 - 62 19

According to one major producer, measurement is of no

COnsequence in its product sales;
pany's exports is foreseen due to metrication.

and no increase in the com-
The major

reason-for that company going metric is that it is easier to

operate in one measurement system than in two.

The company

is confident that it can go metric w1thout having any bearing

on its customers.

A high official in the overseas division of another major
producer noted that metrication would not have much effect on

exports. It may make the exchange of goods more convenient,
especially after worldwide standards come into use, but

4-13
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"foreigners will continue to buy the company's pro-
ducts for the same reason, namely that they were
reliable, or that the price was rlght, '

Another official, the metric coordinator of that same
company, believed that measuring the impact of metrication
on international trade was guesswork.

CONCLUSIONS

Companies -in the forefront of metrication appear to be
pursuing conversion for reasons other than a possible favor-
able impact on trade. '

The frequently cited dollar losses in exﬁorts_due to the

United States not being on the metric system are often based

on assumptlons and estimates w1th gquestionable validity or
reliability.

The effect of metrication in promoting or deterring trade
would appear to be relatively insignificant. Reliability,
technology, quality, prices, and tariffs were factors cited
as being much more important in promoting or deterring exports
than the measurement factor. As far as we can ascertain at
this tlme, the extent to which U.S. trade will be affected,
either in the short or long term, by a U.S. decision to become
predominantly metric or remain predominantly customary, cannot
be determined. , '
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CHAPTER 5

SURVEY OF BUSINESSES' OPINIONS ON METRICATION

4 kTokgainbébméwiﬁéiéhfwin£6“thémobiﬁfoﬁgméf business on
the impact and extent of metric conversion, we mailed ques-
tionnaires (See apps. I and II), which we pretested, to 1,900

businesses in the United States. One followup''letter and a

- mailgram were sent to encourage greater response. -

- The 1,900 businesses comprised three~§roups as follows:

Group .7 9. Description -
Group

 I--500 large corporations - Corporations listed by -
C 1= - Fortune Magazine--The’

Fortune '500. -

- II--400 businesses Businesses selected B
Cs ’ randomly ‘from a member-
- 'ship listing provided by
the National Small Busi-
‘ness Association.
III--1,000 businesses ~‘'Firms taken from a listing
S o+ of small businesses pur-
chased from Dependable
Lists, Inc., a commercial
firm. SRR

- About 83 percent of the 500 large firms responded while
84 percent and 72 percent responded from the sample of 400 and
1,000 small businesses, ‘respectively. - (See apps: IIT through
V for a discussion of samples and response rates.)

_In the 'small business area we also contacted a number of
small business associations and the Small Business Administra-
tion to obtain their views on the impact of metrication on
small business. v - N SRR '

THE FORTUNE 500

" The Fortune 500 list is compiled by Fortune magazine.
It is comprised of the 500 largest industrials that derive
more than 50 percent of their revenues from manufacturing -
and/or mining. The list excludes privately held companies
that do not publish financial statements. The criteria for
"largest" is determined by a company's annual sales. *

The list is further broken down by industry code as
shown in appendix III. For a selected number of these

5-1
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" metric system.

'port 1t somewhat.ng

50}

20}~

i

‘class1f1cat10ns, a more thorough analysis was undertaken;
these are discussed more fully in the1r respectlve chapters.”

Position on metric conversion

Most Fortune 500 companies are aware that the national
policy is presently one of Federal coordlnatlng and planning
of voluntary conversion. However, 53 companies thought the
national policy was to have a mandatory conver31on to the

Most of the companies (76 percent),
sion to the metrlc system.

VSu ort/Oppose Metrication

PERCENT
sor_'

80— N SUPPORT
70"

60

40

30

I . Sf .77 OPPOSE - SRR

L N N Lo
STRONGLY = ' SOMEWHAT '~ ~~UNDECIDED - SOMEWHAT ' "STRONGLY - '~ NO BASIS

: SUPPORT "SUPPORT /= C: .. v -OPPOSE’ - .. - OPPOSE, .’ . TOJUDGE

10—

AASSSANRSNRNNNNNNY

The 1argest companles in each 1ndustry usually support

‘conversion. ‘Most of the companies. (86 percent) believe that
-conversion is inevitable; less than 9 percent feel that it

is not. The majority of companies in all industries viewed
metrication as being inevitable for their respective indus~
tries. : .
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PERCENT
201

80—

* Inevitability Of Conversion

60—

50;- '

20 . :

1] S

.S e
DEFINITELY PROBABLY UNDECIDED PROBABLY ~ DEFINITELY
YES ~ YES o : NO . NO

If the perceptions of the Fortune 500 companies are cor—

grect, metrication will at some time take place--be inevitable.

Additional work was done in three selected industries--petro-
leum, aerospace, and food--to determine why they believed . ..
metrication was inevitable. (See chs. 14, 15, and 27 respec- -
tively.) ' S : o

\ There is a strong relatlonshlp between ‘a omDanyfs :
feellng that conversion is inevitable and its' support for con-
version. . Of the 174 companies that stated conversion is defi-
n1tely 1nev1table for their bu31ness, 96 percent support con-
version for the United” StateS°‘the remainder *wére either
undecided or had no basis'to judge. On the othér hand, the
majority of those who believe conversion is definitely not
1nev1tab1e oppose it.

‘Even though the majority of companies view metrication
as inevitable for their industry and are supportive of U.S.
conversion, only 10 percent responding view themselves as
leaders. Insteéad, most companies (55 percent) either view
themselves as meetlng the demands of customers or as follow1ng
the lead of others (26 percent) E : :

Eight percent of the companies either believed they were

unaffected by metrication or had some other view of themselves.

Only 1 percent of the companies are attempting to block or

postpone metrication. These companies are not concentrated in
© any one industry. ‘

£ T T

TR



R

The motor vehicles and industrial and farm equipment
industries are two industries in which the majority of larger
companies (the top: 20 percent) consider themselves leaders in

‘metrications  Collectively, the Fortune 500 companies, in

their est1mat1on, are not "leaders" in metrication; rather,
only a small port1on are taklng the lead. o

Most companles see llttle Or no change in the prices,of
their products as shown in the follow1ng chart. Some did
feel that conversion would cause an increase in their prlces.
Very few felt that there would be any decrease., :

Impact Of Metrication On Prices

PERCENT g
70" :

of
50~
40P~

»30-
20~

] S

DN OO e B\
MAJOR SOME ‘ LITTLE OR SOME MAJOR NO BASIS
"DECREASE * ‘DECREASE  'NO CHANGE INCREASE INCREASE ©  TOJUDGE

Status of metrication in business

About half of the compan1es are 1nvolved to some degree

.. in the following conversion activities. About half have no

plans. The following table shows the status for each of the

polled act1v1t1es,
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“~Status of Metrlcatlon

‘ Status (note a)i R
-.No plans - “Plans " ' In- pro—x..Com-

. Activity o i for “‘for' ‘ gress pleted
—————————————— (percent)——-———---———
Coordination with AT T e . B
“industry = - S0 30 17 - 42 4
Metric coordinator . = o R
or committee . 35 7 14 42 -
Metric policy ’ _ '
statement .. 42 . .. 14 9 29
Employee training e QT2 23 2
Coordination with _ _ : T
Government 49 20 1
Cost analysis 50 17 11
Supplier surveys 53 17 9
-Consumer information 54 16 2.
Customer surveys 59 12 9
Timetable for ' ‘
conversion ' 61 12 6
Funds budgeted for
conversion activity fﬁ_‘ﬁﬁ 9 4

a/Will not add to 100 percent beca se a number of respondents
indicated the act1v1ty,d1d no *-p ly or they had no basis
to Judge.w e R SR e

Companles 1nvolved beyond the plannlng stage in any of
the above activities are usually supportive of conversion and.
feel that it is definitely inevitable. Companies that are
less supportive or less sure that conversion is inevitable

usually have no plans for conversion activities.

Advantages and dlsadvantages

The companles were asked the extent to which metrlcs were
used in engineering drawings. Most companiés (75" percent) use
the customary units for products manufactured in the United
States. Eleven percent use dual dimensions on their drawings,
and 2 percent use separate customary and metric drawings.

Only 2 percent use metric-only drawings. Ten percent of the
companies responded that this question did not apply.

For products manufactured abroad, 33 percent use metric
units only in their engineering drawings, 19 percent use
customary units only, and 16 percent use dual dimensions.
Twenty-eight percent of the companies responded that this did
not apply.
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The companies were:asked whether they thought that each
of a number of often cited advantages of conversion was an
advantage for  their. bu51ness. The follow1ng table shows the
respondents' v1ews. o

,FrequentlyuAttributed~Advantages (note a)

Does not : No basis:
Advantage ° Agree Disagree - apply to judge

Conversion will provide
an ‘opportunity to ‘ - T
standardize products 61 18 :.: L lens B
Trade will be facili- = - CoviEST w0
tated through a
‘common measurement OOR A TN SIP R R _
language - '~ 59 19 10 2120
The metric system is ‘ SR A
easier to use and
would result iin » . s g
fewer errors 55 28 .4 13
Conversion will provide v i S
an opportunity for
improving product ‘ : S SR LERRA TR
standards 36 43 SRR B 4 < =10
Conversion will increase : SEECTIERER S
or protect the present
amount of exports and - D
work. overseas 27 32 23 , 18
Use of the metric system .. e : : S R BT
will increase produc— '
- tion efficiencies -« 20 - - 54 - 11 oo 15
Use of the metric system . S CorE o DRIV
will facilitate tech-

nological advances : -~ 13 o 57r“} 14 16
Conversion. will stimu—. A S ERGE A PO SR
late your 1ndustry : :7:“ .66 o 12 . - 16

a/May not add to 100 percent because of roundlng.'

A summary of how each advantage was percelved by each
industry 1s contained in appendlx VII.

The companies were also asked whether they thought that
each of a number of often cited disadvantages of conversion
was a dlsadvantage for their business. The following table
shows their views.
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Frequently Attrlbuted Dlsadvantages (note a)

R LR £ s NP B P S A Does not No ba31s
Disadvantages Agree - Disagree . apply . to Judge

B gpercent) —————————————
Conversion will result | |
_in dual inventories =~ 68 23 . 4 . 5
Conversion will be v v
ecostly <o 6T - 26 , 2 5

Training employees
'will be time con-

- suming 65 31 2 ",33_a
Product standards will = : S S I et i
have to be changed 60 27 I T R

Customers will be con-
fused by the metric ‘ L FAAC RIS LT s
system ! : 52 < 36 4 BRI £
Conversion will in- ‘ S R
crease the prices

of products 31 50 .4 .15
Conversion of products , T I T
will require retest- 25 57 = 9 9. =

Conversion will result
in safety hazards

. and errors 13 v 68<.v S ~7”‘14
Sales will be lost to o A R
forelgn imports 6 76 . . T Col2oe

a/May not add to 100 percent ‘because of roundlng.»':'

A summary of how each dlsadvantage was. percelved by each
industry is contained in appendix VIIT. . :

Many of the Fortune 500 companies’evidently believe;that
someone other than themselves will benefit from conversion. .
Only 37 percent felt that conversion would be .an advantage to
their businesses; however, 66 percent felt that 1t would be
advantageous for the Nation overall. i
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Weighing Of Advantages/Disadvantages: .
SIGNIFICANTLY 13% ~ BUSINESS . UNITED STATES: -

NO BASISTO
JUDGE 6%

SAME 24%

 EE=S)  ADVANTAGES OUTWEIGH DISADVANTAGES -
. PZZED DISADVANTAGES QUTWEIGH ADVANTAGES - .

The Fortune 500 companies' support for conversion. is only
partially based on their perception of the advantages of con-
version. As the following chart shows, more companies sup-
ported conversion than believed its advantages outweighed the
disadvantages for their businesses or the country. - '

More 'Supporf Conversion Than See Advantages

PERCENT
100]

90— . -

80—

= o SUPPORT
60— '

50 = : _ ADVANTAGES
: . GREATER
40— v < © .THAN

' DISADVANTAGES

30— ADVANTAGES

GREATER
THAN

10— DISADVANTAGES

. FOR THEIR BUSINESS FOR THE COUNTRY ' FOR THE COUNTRY
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When asked ifalargeuanqysmall_firmsnguld gain or lose
from metric convetsion, 43 peicent of the companies felt they

had no basis to judge. Of those that did make ‘a judgment,a
slight majority .felt that both large and small’firms. would.

gain. . However, of those that felt that someone would lose,
more felt that small firms would lose. - Lo e

Will Large Or Small Business Gain Or Ldééf:-li'.-f”ri;)mvthnglﬁ"sion?v j

PERCENT
60~
5ﬂef"

Z

BOTH LOSE

2

SMALL GAIN BOTHGAIN

LL G/ SMALL N TO
LARGE EOSE* " LOSE 0 BASIS TO

.LARGEGAIN " | . JUDGE' .

The companies were asked to give their opinions on the

impact of metric conversion on U.S. exports and imports.’
These views are presented in chapter 4.

The role of'Goverhment

Forty-one percent of the Fortune 500 companies felt that
no laws or regulations currently inhibit conversion to the
metric system. The most often cited laws or regulations are
listed in the table below. ’

_.Inhibiting Laws and Regulations

Law or regulation , - Percent
State and local laws ' 17
Building codes , - 15
Other Federal laws 14
Federal antitrust laws : : 2
Federal or State procure-

ment regulations 10
Other i - 7

5-9
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If metric conversion occurs, the role of the Federal
Government:as viewed by the:companies would generally be to"

provide assistance in coordinating dctivities, counseling and
advising interested parties; and/or establishing target dates,

- Role of the Fedéral GOVerﬁment

Role : ' ' ~ Percent
Coordinate activities -~~~ -~ 53
Counsel and advise interested parties 52

. Establish target.dates ' 46
Plan the overall -conversion 20
Make conversion mandatory : 14
Legislate the conversion process 9
Other : - 8
Enforce the conversion process -5
None of the above : 6

Even though most éompaniés feel that the Federal Govern-

ment should not make metric conversion mgndatorif they do
feel that it should encourage conversion by purchasing items

designed or described in metric terms. There was some strong
disagreement with this opinion as shown below; however, those
who support conversion generally agree. . B .

Conversion Should Be En'couraggd Through Federal Procurement

PERCENT
70

o= ' AGREE

- .

40— N B

30 DISAGREE !

10

UNDECIDED . -DISAGREE
. _ SOMEWHAT .

~ STRONGLY AGREE . 'STRONGLY. -
" DISAGREE

'AGREE _ SOMEWHAT

Time frame for conversion

The ‘following chart shows the respondents' views on the

shortest (if mandatory) time frame and the optimum time frame

in which they could convert. :
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- Fifty percent of the companles felt that a 5~ to 10- -year
conver31on period would be the shortest time frame in which
-they .could convert if conversion were mandatory. Nearly 32
percent felt that less.than 5 years would be sufficient..
Combined then, 82 percent felt that a tlme frame not in excess
of 10 years would be adequate.

Time Frame For Conversion

PERCENT ‘ ' } N

eof” | | sHorTEST
: , N oprivum

50f= ' ' ; ) .

a0f

3oT-

20}=

10~

YEARS

UNDER 5 5=10 11-15 16-20 2125 26-50 OVER 50 NEVER

When asked what the optlmum time frame would be, the

5- to l0-year time frame was again the most popular (47 per-
cent). Nearly 15 percent felt they needed less than 5 years.
The two periods combined--within 10 years--would allow for 62
percent of the companies to convert in an optlmum time frame.
Approximately the same percentage can convert in an optlmum
period of 15 years or less (83 percent) ‘as:can convert in a
mandatory perlod of 10 years or less (82 percent)

If the United States should convert to the metric system
on a planned basis, someone would have to- establlsh the date
by which each industry would convert. The Fortune 500 com-
panies were: evenly Spllt between having the U.S. Metrlc Board
(in consultatlon w1th 1ndustry) and the 1ndustry -associations
establish the conversion dates. The next most popular option
was to have individual firms establish the ‘dates. The least
popular was to have the Congress do it.

5-11
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Who Should Establish Conversion Dates?

PERCENT
40

10

; I s
US.METRIC ~INDUSTRY. . INDIVIDUAL OTHER CONGRESS..  NOBASIS .
" BOARD ASSOCIATIONS " FIRMS o To JUDGE“.:"ff *

SMALL BUSINESS'

In add1t10n to the Fortune 500, we also surveyed 1 400
small businesses selected from the membership listing of a
small business association and a 11st1ng of small’ bus1nesses
from a commerc1al firm, 7 S

Responses were received from firms,classifying themselves .

as manufacturers; retailers; wholesalers; services; profes-
sionals; miners; and in the areas of agriculture, transporta-
tion, construction, and finance. Responses (about 5 percent)
were also received from businesses that did not cons1der them-
selves in any of these classifications.

The: largest number of the firms fell in the $l—m11110n
to $5-million gross sales range and had between 5 and 24
employees. (See app.. IV for detall on respondents )

The bus1nesses respond1ng to our quest10nna1re maylor
may not be representative of the kinds and sizes of small
businesses throughout the United States. In fact, we ques-
tion the existence of a universally accepted def1n1t1on of:
small business. Hence, we did not attempt to project the
results of our survey to all small businesses. What follows
are the results of a polling of 1,000 small businesses and
400 members of a small business association.
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Position on metric conversion

Natibnal policy

Few of the respondents knew the U.S. policy on metrlcg
conversion. As the follow1ng chart shows, almost half of the
respondents believed convers1on to be mandatory.

Understandmg Of Metric Policy Lo e o
400 SAM_PLE ' - ’ 2 d_fsAMP'ngf S
“NO CONVERSION 2% Noco VERmomi ——

;

"DONT-KNOW  \

' DONT KNOW
PO ow T KNO

22%

NO STATED
POLICY 12%

NO STATED
POLICY
12%

“MANDATORY IN
10 YRS. 25%

: MANDATORY |
MANDATORY |- |N 10 YRS 26%
OVER 10 YRS
NG 18%

MANDATORY
OVER 10 YRS
18%

| KNEW UsS. POL/oY

ShpportlorfoppOSition’

Small businesses respondlng were d1v1ded in the1r support
or opposition to metric conversion. However, most of ‘those
who opposed conver31on strongly opposed it while most of those
who supported it, supported it only somewhat. A considerable
number indicated they were undecided on the gquestion.
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Support/Oppose Mertication =
400 SAMPLE - e v 1000 SAMPLE
UNDECIDED 12%

. NO BASIS TO JUDGE 6% ) ’ NO BASIS TO JUDGE 11%

xgsgb»dm7

The responses to the sample of 1,000 businesses indicated
that a. considerable number of respondents were undecided on
their support or opposition to conversion or that they" had no

_basis- to judge. Of those who took a pos1t10n, respondents in

retail, agrlculture, and finance opposed conversion by about

a 2 to 1 ratio. Wholesalers were almost é&venly divided, wh11e
manufacturers tended to support conversion. Those in ser-
vices, transportation, and construction tended to oppose it.

X

Inev1tab111ty

A majorlty of the respondents believed that metric con-

version is 1nev1tab1e or probably 1nev1tab1e for their bus1—
nesses. :

5-14

e T

b

il

T

B4

L

i




_ Is Conversion Inevitable? -
400 SAMPLE 1000 SAMPLE
N " UNDECIDED.| RROBABLY ;
DEFINITELY NO ; _
. |
DEFINITELY NO
12% -

INEVITABLE -

QﬁvThe large« 'egment of respondents belleved that metrlc
rersion would. result in little or no prlce changes in their
i erable number, howeveg, thought there would

T T T

CHANGE

ough most believed i

et Of Metricathn On Prices

LITTLE OR NO

INCREASE
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Financial assistance - 17 .

Considerable speculation exists over whether small ‘
business will need assistance:to finance conversion to the
metric system. - R

Respondeh’cs’ Views On Need For Financial Assistance

400 SAMPLE o : ; : *1000 SAMPLE "
DEFINITELY\ . g DEFINITELY DEFINITELY.
YES 9% . NO 12%
PROBABLY B e o N
YES 11% DEFINITELY
NO 21%
PROBABLY
YES 18%
] -~ PROBABLY NO ,
' - 35% KNOW 25% .
DONT KNOW : P?gsggbv
27% b

R} NEED ASSISTANCE
NOTE: MAY NOT TOTAL TO 100 PERCENT BECAUSE OF ROUNDING

Status of metrication

Although a majority of the respondents believe conversion
is inevitable or probably inevitable for their businesses, the
following charts show they have taken little positive action
for the activities cited. R
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' PROCESS 11%

Status Of Metrication " . T

' CONVERT OR DEVELOP PRODUCTS

"IN METRICSIZES =

400 SAMPLE

* NOPLANS FOR 6% ~ NOPLANS FOR 62%

K

PLANS 12% PLANS 4%

iN PROCESS 6% —

/ \__ - \DOES NOT APPLY 6% COMPLETED 1%
COMPLETED 2% - ‘

IN PROCESS 11%

CONVERT OR OBTAIN EQUIPMENT
IN METRIC SIZES . .

NO PLANS FOR 70%

NO PLANS FOR 74%

,

DOES NOT APPLY 4% ' e o
o e By DOES NOT APPLY 18%
COMPLETED 1% hcaatndbe

PL

ANS 10%
IN / _

Advantages and disadvantages

The businesses were asked whether they agreed or dis-
agreed that each of a number of often cited advantages of
conversion was an advantage for their businesses.

/
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“Respondents Opinions. on Often
- Cited Advantages (note a)

Does not No basis

' Advéntages1ga - __Agree -  Disagree _ apply  to judge

(Sample) . 400 1,000 400 1,000 400 1,000 400 1,000
: R : R ;—,—',:-’-—--—f——-f--—(percent)——? --------------
The metric system
is easier to use

. and would result : 8 L o e we

- in fewer errors 34 28 43 40 6 w9 170023
Conversion will o B
- increase or pro- S o AL

tect the amount - ' i

of exports and/ _ N

or work overseas 27.. 22 25 . 22 20 20 29 36
Conversion will : ‘ » = Coimenny
~ provide an op-
. portunity to

standardize pro-

ducts 41 39 31 27 14 13 14 21

Use of the metric
system will in-
" crease produc- ST OTE TP
tion efficiencies 10 10 56 41 10 14 2434
Conversion will e & TR
stimulate bus- o ST N P
iness - 11 8 56 49 11 13 22 .31
Use of the metric ' v o SRR
system will fa-
cilitate techno- ' , SRR S I
logical advances 17 14 46 37 11 11 27,38

a/May not total to 100 percent because of roundihg.

The businesses were also. asked whether they agreed or
disagreed that each of a number of cited disadvantages of
conversion was a disadvantage for their businesses.
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. Respondents Opinions on Often
Cited Disadvantages (note a)

Does not No basis

Disadvantages a.;  Agree Disagree apply. . : to-judge
. (Sample) - 400 1,000 400 1,000 400 1,000 400 1,000
’ —————————- —————— (percent)—-—-—————————-

Conversion will _ - : RN F IS A
be costly - 73 64 l3v 9 ;2~w:‘9«g:_12x, 17

.Training employ- -

ees will be time . R LI AT
consuming 79 69 14 12 2er 9 50 100
Conversion will RN SR
result in dual A : B LU S
~“inventories . 56 52 21 18 . 12 16 + 11 = 14
Customers will be Ll E
confused by the : e T
‘metric system 67 68 18 10. 3 9 - =12 13
Conversion will . S S
increase the
price of your
business pro-
ducts and/or : ISR S
" -services ; 52 40 24 24 5 .21 19 25
Conversion will: A S ARSI
result in safe-
ty hazards and SN » : :
errors - 25 25 45 34 7 o014 022 027
Sales will be : S e :
" lost to foreign TR s
~imports . - 7 6. 7 50°: 41 21 22 .23 7 30
Codes and stand- :
ards will have =~ @ DR LD mnon e Ty
to be changed 81 69 6 7 4 8 9 16
a/May not. total to 100 percent because of rounding.’ -

The respondents were asked to weigh the overall advan-~
tages and disadvantages of conversion for their businesses
and also for the country. They expressed a generally negative
opinion on the advantages of conversion for their businesses,
but expressed a more positive opinion on the advantages of
conversion for the country. Evidently, they believed. someone

other than themselves would benefit. The respondents' views
are shown on the following charts.
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FOR THE BUSINESS
400 SAMPLE - "
NO BASIS 12%

SIGNIFICANTLY,
6%

——— SLIGHTLY 13%

~ SIGNIFICANTLY
N e

2

& ;7// ‘o
e

HTLY 10%)

SLIGHTLY 6%

NOTE: .MA Y NOT TOTAL T0 100 PERCENT BECAUSE OF ROUNDING

FOR THE COUNTRY
SIGNIFICANTLY © . SLIGHTLY 4%

/ 19%

SLIGHTLY 5%

NO BASIS23% NO BASIS 20%

‘SAME 12%

‘DISADVANTA G’ES-‘OU TWEIGH ADVANTAGES

2] ADVANTAGES OUTWEIGH DISADVANTAGES
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N EERTRT el SAMPLE
SR R 11000 SAMPLE .
[ i *LESS THAN1PERCENT
20—
10 |-
' SMALL GAIN  BOTH GAIN BOTH LOSE SMALL LOSE NO BASIS

The largest percentage of respondents indicated that
they had no basis to judge whether small or large business.
would gain or lose from metric conversion. As the following
chart shows, however,. a substantial number of the respondents
perceived that large bu51ness would gain while small bu31ness
would lose.

,,E,Q,_cg,;”’ : Wil Large Or Small Business Gain Or Lose From .Conversion?'

LARGE LOSE , LARGE GAIN TO JUDGE

Role of Government

Generally, the respondents belleved the Federal Govern-
ment s'role in metrication should be that of“counseling, ad-
v151ng, planning, and establishing target ‘dates for conver-
sion. Few. belleved the Government should 1eglslate or enforce

'conver51on.rp;;

" The bu51nesses were asked what laws or regulatlons current-
ly make it dlfflcult ‘for them to convert to the 'metric system.
The vast majority of the respondents either did not know or

did not believe any laws or regulations would make conversion

difficult. Those who did cite some laws or regulatlons most
frequently identified bu11d1ng codes, State and local laws,
and Federal laws.

More of the respondents disagreed. than agreed that the
Government should encourage metric conversion by purchasrng
items designed or described in metric terms.

T A T

PR R e

1030 0 I T | e e

R
P

T
I

PR




L L

JNiNa NN

Conversion Should:Be.Encouraged Through - -
' Federal Procurement .

400 SAMPLE : 1000 SAMPLE

UNDECIDED
23%

¢
7

B
213% %
& Dl )

ISA

| pisacree NOTE: MAY NOT TOTAL TO 100 PERCENT
//% ' ' BECAUSE OF ROUNDING .

S

Time frame for conversion

As the following charts show, about 90 percent of the
respondents believed they could convert within 15 years under
a shortest time frame concept. If conversion were not manda-
tory and made in the optimum time frame rather than the short—
est time frame, the percentage that could convert within the
15-year period would decrease to 77 percent. Also, in the
nonmandatory optimum.time frame situation, the number of re-
spondents indicating they would never convert increased.

Y
5o




Ledl -l A

LI

WA 1. S i

SIS [N )8 6 SO0 . B LIS

Shortest And Optimum Time Frame For. Conversion
PERCENT G g e _
100 r

s} . 400SAMPLE

80~

SHORTESTTIME . :

60~ .-

ok L , ; 7 LRI
R ) oprmumrve

7

| e—

UND

RS 5—10 11-15 16—20 21-25 26-50 OVER 50

PERCENT - SRR
100 ) © 1000 SAMPLE

20

‘SHORTESTTIME -~~~

@ OPTIMUM TIME

70K

A * LLESS THAN 1 PER CENT
60

50

204

10}

| VA —t7a — .
UNDER 5 5--10 11-15 16-20 21-25 26-50 OVER 50

NEVER

NEVER

YEARS

YEARS
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* - The respondents believed industry and industry
associations should play a role in. establlshlng conversion
dates. The following table shows the1r v1ews on who should
establlsh the dates.: ' - TS TR

Who Should Establish ConversionvDates

'Sample of: ..
40 S 1,000

.V--—(pércént)——— -
The Congress = ...~ ‘iff ; S F9 .7_16 :
U.S. Metric:'Board in. - |

consultation with S Rl T
the industry ‘ ‘ 37 - 33

Induetry associations | | mh 28 21
Individual firms . 18 11
RN o e
NO basis to judge - N T

Views of small bu31ness assoc1at10ns

D1scu551ons w1th several assoc1at10ns 1nd1cated that the

question of metrication was not a pre551ng 1ssue w1th the as-
‘soc1at10ns or: thelr membershlp.‘ : o ‘ :

An OfflCIal of the Natlonal Federatlon of Independent
Businesses noted: that 'small business is not a-unified commun-
ity but rather a. community of: varied segments; therefore, the
reactions of one segment toward metrication might be:quite
different from the views of another. However, he said that
small business has generally given little thought to metrica—
tion. - Small businesses basically reflect the views of their
customers. In-this regard he noted that for the 'small manu-
facturer which is the supplier for a large corporatlon,‘metrl-
cation might not be a matter of choice. If that large cor-

poration converts to metrics, metrication may be a necessity

for the small manufacturer.

The assoc1at10n would oppose any Federal law or regula-
tion that would require ‘Government procurement to be in metric
specifications because small business could be seriously af-
fected. The association would favor the availability of Fed-
eral loans for metrication activity.
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The official noted further that only a-small proportion
of the small businesses. are:involved in foreign:trade; con- -
sequently, they may have difficulty in relating to the argu-~
ment that conversion by the Unlted States would assist its -

' trade p051t10n.

An off1c1al of the Natlonal Small Bus1ness Association
also believed that small business, and for that matter, all
business had little awareness of what is going on in metri-
cation. In his opinion the inroads metrication has made in
business are in the large corporations. He did believe,
however, that small business would benefit from conversion
to the metric system through simplifying computations_ in ther
manufacturing process and through standardization. He also
favored some form of Federal loans to small bus1ness to help:
them cope with conversion. : ; Lo

.V1ews of the Small Bus1ness Admlnlstratlon _

An off1c1al of the Small Business Adm1n1strat10n also
believed small business has little awareness of metrication.
He believed that small business does not have the time or the
resources to plan for metric conversion, particularly when ’
conversion is not immediate. As metrication increases in the
United States, he believes small business will,:through neces-
sity, become more concerned and will need financial and mana-
gerial assistance to acccompllsh the conversion.

Currently, the Small Bus1ness Admlnlstratlon has no spe—
cial programs to provide assistance to small business~-~either
financial or managerial--for metric conversion. - However, the
Small Business Administration official said, small businesses
can obtain financial assistance for metric conversion under
existing Small Business programs if they are otherwise quali-
fied. 'He]did not know whether any firms have applied for: such
assistance. 'Thus far, technical assistance has been limited
to the preparatlon .and dlstrlbutlon of a booklet on metrlc :
conversion. S

The Small Bu51ness Admlnlstratlon is also attemptlng to
develop an automated 11st1ng of small businesses and. the1r
capabllltles, 1nclud1ng any metr1c capablllty., :

CONCLUSIONS

Most of the small business respondents did not know the
U.S. policy on metric conversion; most large business respond-
ents did know. Over 40 percent of the small businesses and
13 percent of the large bu51nesses believed 1ncorrectly that
conversion is mandatory. : :
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- The largest percentage of the respondents, both large
and small, saw little or no price changes in their products
as a result of metric conversion. A considerable number did
see some price increase; however. : '

Most of the respondents be11eved that the Federal role
in conversion should be that of coordinator, planner, and
counselor, rather than enforcer. The large business. respond—
ents believed the Government should encourage conversion
through purchase of metric goods. Of the small business re-
spondents ‘expressing an opinion, most opposed th1s pos1tlon.

Most of the respondents believed they could convert to-
the metric system within 10 years; a considerable .number in-
dicated they could convert in less than 5 years. An overall -
time frame of 15 years would allow about 80 percent of the .
firms we questloned to ¢onvert within an optional’ perlod of
time. Most respondents ‘also believed that the 1ndustry should

"be involved in establishing target dates for conver51on. “

More of the small bu51ness respondents belleved they
would not need assistance to finance metric conversion than
believed they would. However, a con51derable number did not
know. - ‘

Few respondents 1nd1cated ‘little convers1on act1v1ty
beyond plannlng and’ coordlnatlng.

| The large bus1ness respondents generally supported con-‘

. version to the metric system while the small business respond-

ents were divided in their support or opp051t10n° both be--
lieved convers1on to be 1nev1table. . o

In both cases, more of the respondents supported conver-
sion than perceived the advantages as outweighing the disad-
vantages of conversion for their business. The large business
respondents were divided over the relative advantages and
disadvantages of conversion, and more of the small business
respondents believed conversion to be disadvantageous than '
advantageous. - However, when considering the relative advan-
tages and disadvantages of conversion for the United States
overall, both groups shifted to a more positive opinion of
the advantages. A majority of the large business respondents
now believed the advantages to be greater than the disadvan-
tages, and more of the small business respondents believed
conversion would be advantageous than disadvantageous.

Thus, it seems that the respondents believed that someone
other than themselves would gain the advantages of metrication.

5-26

T

T




L RR I

)

LA |. oW Lann et

SARSSEE | (L5065 N N LN L

RSN

APPENDIX I

 APPENDIX I

U.S. GENERAL ACCOUNTING OFFICE -

WRIC TASK NME

» SUHVEY OF LARGE COBPORATIONS

INSTRUCTIONS :

Please ‘answer eaoh of the following questions

a.s'frankly and ‘completely as possible for the pro- -

duct line repreeent:l.ng the greatest volume of

company's’ views whether ‘or. ‘not your company is-
aotive in .the area of ‘metric’conversion. '

ansvering:

We have made the followi.ng a.ssumptions 80
that all reapondenta will have a oomon 'ba.sis ‘for

‘—-Conv‘ereion means physical changes, not just
substituting metric measurement unite for
English or customary measurement units
(i.e., inch, pound, quart, etc.).

~-Conversion ‘does not apply to items already
“ produced or in production.

~During the conversion, metric supplies and

services Will be readily available.

RESPONDENT INFORMATION:

There is space at the end of the question-
naire for any comments you may wish to meke
concerning these assumptions, the questionnaire,
or any other related topies.

The questionnaire is numbered only to permit
us. to delete your company's name from our list
when we receive your completed questionnaire and
thus avoid sending you an -unnecessary followup
request. .

Throughout the questionnaire there are numbers:
printed within parentheses to assit our keypunchers
in coding responsea for computer ana.lysis. Please .

disregard these numbers.

NAME:

TITLE: .

TELEPHONE: __ ( )

(&rea cods) — (Number)

5-27

A,

1 /] ¥o stated national policy

National Polioy

_What is your company's understand:l.né of the
national policy concerning converting to the

metric system? (Please check one.)

6)

2 /7 Mandatory conversion within
10 years

-3 Cj Federal coordinating and

plamﬂ.ng of voluntaxy oonveréiqn )

w7 M.mdatory gradual convérsion

2,

1 [7 Strongly support

A (*.e., more than 10 years) .
§ /7 :.No conversion -

‘6 /7 Don't lnow” *

7 D Other ‘(P’leaae ‘speoify)

Does your company support or oppose. the United
-States converting to the metric gystem?

(Plea.se check one, )

™

2 D Somewhat support
3 D lfn;lecided : :
L D :~Som’ewhva.t oppose. . ‘
5 D Strongly ;ppose’

6 [ ¥o basis to judge

\
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Does your compsn;; ‘belleve that conversion to
the metric system is inevitable for your
mdustry? (Plea.se check one.)
1 E Definitely yos

2 [=7  Probably yes

3 /7 Tndeotided

4 L7 Provably no

5 E : Defiriitel_iv-no

Which of the follawing ls.ws ‘or reg'ula,t:l.ons, -
if any, currently inhibit conversior by your ’
company: to the metric system? (Plesse oheqk""-- B
a.ll “that aple ) ; L

1 . Tederal sntitrust Lavs
2 ~ Other Federal lave'
3 D Stste and local la.ws ‘
W/ 7 Building codes '

S D Federal or Sta.te pro- = NUiie
s curement regula.tions e

6 D Other (Ples.se specify) .ol

T D None . » ‘ (15)
8 [T Yo basis to fudgs . - (16)

¢
.

) If metric .conversion ocours, which of the

following roles, if any, should the Federal

Government assume'P (Please check all that

arply. ). B o

1 D Pla.n the -overall conversion (1

2 D Coordmate a.ctivitles “ (18)
3 D Esta.bllsh ts.rget da.tes B (19) ¢
L D Counsel and advise - - o (20) ,.

interested parties

5 D Legislate the conversio i
process

i

6 /7 Ma.ke conversion msnda.tory

3.

7 D Enforce the conversion prooess - (23)
8 7 Other (Please specii‘y)

9 /7 None of the above ;.‘“‘}"1». v (25)

10/ 7 Yo fbasis to judée o B (26-27)

. ¢. Customer surveys. .. ::.. )

APPENDIX T.

6. Do you agree or disagree that the l‘edera.l

Government .should -enoourage ‘conversion to the
metric system by.purchasing items. designed. or
desoribed in metric terms? (Please check one.)

o [7 Strongly.agree.
2 [7 Agree. somevhat. E
3 /7 tndectaed o
W/ 7 D:l.ssgme somewhat
5 E Strongly dissgzee

B. Status of ygtrication b

(28)

7. 'Which of the following best characterizes the.
way your: compa.ny viewa itself with respect ‘to -

metrication? (Plee,se check one.)

1/ 7 msa leader in metrics.t:l.on, .

i.e., influencing the decisions

of others to go metric

2 D Following the lead of:others
in going metric

3 D Meeting the demands of customers

L D Attempting to block or post-
pone metrication

5 /7 Unaffected by metrication

6‘D' Other (Plesse specify)

.A -

w AN

8., What is the current status of each of the
following metric.iconversion activities in
your company? (Please check one' box for
each row.) : e

a. Metric policy ‘gtatement-
b. Metric coordinator or .::
committee .

d. Supplier surveys

e. Cost a.n_s.lysis :
f. Employee training L R R
E. Congumer information

h. Funds budgeted for metric
convgrsggﬁeagtivgr Frn

i. Timetable for conversion

j. Coordination with
industry

k. COOrdination with

government

5-28
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(36).
(37)
(38)
(39)
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9.

10'

1.

1 D Modifications in aesign (43) |
2 [7 Wodifications in packaglog - (i)
S - -end/or labeling ‘
' 3 E E No modifications (45)
h’ l .Ddgé' not apply _ (46)

12.

5 [/ Does not apply

N\

For produsts ‘manufactured:in the United - i
States, how: are your company's engineering -

‘drawings’ primarily written up" (Please

check one,)
1 E In customary units:

2 /77 TIn dual dimeneions (with or
without conversion tables)

(W)

3 D In metric mits

4 [/ Separate d:cs.wings in customary )
and in metriciunite ..

For products msnu.factured ‘a.broad, how are

your company's engineering drawings- primsriiy
(W)

-written up” (Plea.se check one.)

1 D In oustomary units

2 /7 In dual dimensions (with or
without oonversion ta.bles)

3 D In metrio units

in E Separate drawings in customary
“end ‘in-metric units Lo

5 [j Does not apply

For production in your overseas plants, what
measurement-modifications; if any, are made
to products manufactured in your U.S. plants?
(Please check a.11 that a,pply )

For products manufactured in your U,S, plants
for domestic sale, what measurement modifi-
ca.tlons, if any, are required to sell those
products abroad? : (Please check a.ll that .

apply. ) AR ,
W, Modificati’on 1n design " (u7) :
2 D Modifications in packagin‘g (Laj
T and/or labeling . A P
'3/"7 ¥o motitications ‘: L W)
4 E Does not:‘ apply * R “(50)

APPENDIX T

C. DIrade Imglica.tiogs of lqstr‘ioa.tion.

ge e

13. How si@ifismt s.re sdshi-of theii‘foiloying .
factors in promoting your exports? (Please.

check one box for each-row.

B

FACTORS
a, Competitive prices

b. High quality
¢. Supeérior .technology .+ . |. . 4.
d. Good re tation and . o
religl_ai Aty S o
e. Good produst ma.i.nten— e
ance .and servicing

. Growing :foreign market
g. Vigorous company export B
promotion . o A
h. Desi@/msnu.facture “of’ 5 G § -
roductg in custo (or
lish) units and? et
e standards
i. Deaign manufacture of - .. |-
products in metric u.nits .
and/or engineering.. . @ . .

standards S R N

3. Other (Please specify)

1 "
E

14. .How significant are each of the following
factors in deterring your expérts? (Please
check one box £>r each row.)

magrors  [1 23N}

a. Noncompetitive prices ~: -|. ' | <[
b. Strong local and7or
third country com- e
petition
¢, No quality advantage:
d. No technological .
advantage
e, High shipping costs

L. High tariffs

g. Nontariff barriers
other than measures :
ment standards

h. Design7manu.f.‘acture of .
products in customary (or
Bnglish) units and/or .
[ eer: standards

i. Design/manufacture of
products-in metric units
and/or engineering

standar

Other { Ples.se specify)

5=29

(51)
(52)

... (53)
. (58)

(56)

¢

(s8)

" (59)

(60)

(61)
(62)
(63)
(64)

(65)
(66)

(67)

(68)

(69)

(70)
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15, Would you ex'pect .any change in your compa.ny 8. 19. .

exports as a result of conversion" (Please
check one.). o
“(11)

1. [ 7 5igmficarn, NGk
2 7 Sng“ﬁt‘incréege
3 D No ohange .

In E Slight decreaae
5 [ Sienifioaiit deozeass

16. Would you e:&pect any-change -in imports into the
- United States by your overseas competitors as a
result, of:conversion.:- (Plea.se check one. )
(72)

1 D Slguf:.cant mcrea,se
2 7 Slight inorease

3 Cj No change ‘

L :_7 Sllght decrease

vy T Significant decr_ee.se - : D.

17.- Do any of the following countries' impori 20.

regulations related to measurement gtandards
have any impact on the exportat:.on of youxr
products? (Please check one box for each ToW. )

S D No basis to Jjudge

E FRLQUENTLY

APPENDIX I

How signivicant is, the measurement .factor
_dn influencing the declsion of your compa.ny

“T'to locate a plant ove“se_as'? (Plea.se cneck

one.’) o
R P ()
1 7 ot major significance L
2 [:7 Of moderate significance
3 /] Of minor significance

“,L; D Of no significance

Potential Imnact of 'Conversion o

Llsted below arve several ADVANTAGES ‘frequently
attributed to conversion to the metrlc gystem.
Please ‘indicate whether your company would
agree or’ disagree that-each’would be a :
:significant advantagé for YOUR COMPANY."

(Please cheéck: one-box £or ‘each ToW. ). -

ATTRIBUTED: ADVANTAGES. ij2]3 1k
The metric system is -
eagier to use and would ) (6)
result in- fewer errors

a, ' Canada

b. Buropean -Economic | ©. T 1.
S I I I S R
Market) T N ' |

.. Japan ‘ (15)

d., Other (Please SN I It : ’ 0.
specify.) » ‘ (76)

Conversion will -increase . |, .
or protect the present n
amount of exports.and '
work overgeas.

18, If your company convei‘ts to the metrie system,

. Conversion will provide -

an opportunity to stan~. .. R I (8)
dardize products:

would you expect any change in the importation d.
of fasteners and/or other components for your
company's products? (Plea,se check one.)‘ ) '

: T e

1/ 7 Significant increase

.

Trade will be fa.c:.l“ated
through a common neasure- (9)
ment language )
Use of the metric svstem A
will increase productlon . 7(10)
efficiancies. i

2 /] Slight increase T
; v ;
3. [:7 No' change

Use of the metric .xystem .
will facilitate techno- s 1 (1)
logical advances. .

Conversion will provide

4 /] slight decrease an ‘opportunity for improv- (12)
ing product standards.
s/ ] significant decrease h. Conversion will stimulate (13)

5-30
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21. Listed, below are several DISADVANTAGES fre-
“quently’ attributed to conversion to' the metric
system, Please indicate whether your company
would agree or disagree that each would be a
significant disadvantage for YOUR COHPANY
(Please check one box for each row.

FREQUENTLY
ATTRIBUTED DISADVANTAGES

a. Conversion will be costly. . | (1)

b. Tra Training employees will

__be time consuming. (15) .

c. Conversion will result i (16)°

“in dual inventories. )
d, Customers will be confused : (17)

by the metric eystem.
e. Conversion will increase

the prices of your - ; 1 .(8)

company's products;- -

f. Conversion will result

in safety hazards and (19)
eXTOTrs, . .
g. Sales will be lost to . (20)
Tovelen izports. - - o .
h,. Conversion of productd ) j’(21)
—__will require retesting. i . ;
i. Product standards will ’ (22)

. ha.ve_ to be changed. .

22,

For your company, would the advantages of
conversion to.the metric system outweigh the
disadva.ntages or vice versa'? (Please check

one.) , :
) o ’ (23)
1 E Advantages sig“iificantly BT
¢ outweigh disadvantages :

2 /7 ‘Adventages slightly
- . .outweigh disadvantages

3 /7 ‘advantages would be -about
the same as disadvantages

L D Disadvantages éli@ltly

outweigh advantages .

5/ 7 Disadvanta.g"es’ significently
outweigh advantages

6 /7 No'basis to judge

23.

25.

APPENDIX I

For ‘the United Statea mz\u. vould tha
advantagu ‘of conversion to ‘the ietric eysten
outweigh the disadvantages or vice vorn?
(Please check one.) (2)

1 D Advmtages ai@ifiomtly
outweigh dinadvnnto@s ’

2 [ ] advantages olightii
B outweigh g;n,_advgtggu

3/ ] Advantages would be about
the same as disadvantages

L Cj Disadvantages slightly
T outwei@ a.dvantagoa

s/ 7 Disadvantages sigzrl.fioanthf

outweish e,dvantagas e
6/ 7 % buis to judga

With respect to small and large firms, who
would gain or lose :from metric. conversion?
(Please oheck one.)

(25)

1/ 7 Small fims would gain and
large firms would lose

ZD Both small and le.rge fima
Lo would gai.n

3 D Both euall ‘and large fimis
. would lose

4 [~7 svall firme would lose and

large firms would gain

5 D ‘No basis to judge

In ‘the long Tun,,how would metric conversion

© influenice the prices of your company's “. '
, producta? (Please check one.) -

1 [j Major dectease

2 [:7 Some decrease o
3 D Little or no change
h D Somé increase '
5 :7 Major increase

6/ 7 Mo basis to judge

(26)
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26.

27.

28.

* check one.)

1 [:7 Less than g years

Sohedules ~ Time Frames ) . 29.
for Metric Conversion SR

If the United States converts to the metrio
system, approximately what would be the
shortest time frame for your company to
convert? (Please oheck one.)

1 /7 Less thar S years
2 /7 5 - 10 years
3D 11 - 15 years
w/ 7 16 - 20 years

(a1)

5[ T 2 -25years
6 E 26 - 5()yea,ra

(i 7 More “than 50vy‘earu

BD‘NG.VGI T

If conversion is not made mandatory, what
would be the- optimum amount of time your
company would need to convert? - (Please

(28)

2 /"7 - 10 years

3/ 7 11 - 15 years

4 /7 16 - 20 years

5 ﬁ 21 - 28 yéars

6 /] 26.- 50 years »
7 [_J More. than 50 years

8 /7 Never:

If the United States converts to the metric
system, who should establish the date(s) by
which your industry would convert? = (Please
check one.) , »
(29)

1 [ ] Congress

2 [7 TU.S. Metric Board
, (in consultation with industxy)

3 D Industry associationé
L4 /7 Individual firms
5 /7 oOther (Please specify)

6 /7 No basiis to judge

5-32

APPENDIX I

If you have additicnal comments on any of the
iteas within the questionnaire or related

" topics not covered, plesse feel free to 'uprou_

your views in the space below or attach
additional data. Thank you very much for your

ooopon\tion in completing this questionnaire.

K

Hik

i (i 4] Y R

[ AL




AN (1820 W H

APP ENDIX’ II

APPENDIX II

'U. §..GENERAL ACCOUNTING OFFICE
. METRIC TASK FORCE _
. SURVEY OF SMALL BUSINESS /

INSTRUCTIONS:

Please answer each of the following questicas
as-frankly- and-completely as-possible-for the
product line representing the greatest volume .of
sales for your company, We arg interested in:your
company's views whether or not you are active in
the area of metric conversion.’ 1.

We have made the. following assump-
tions so that all. respondents will have
a common basis for answering:

--Conversion means physical
changes, not just substituting
metric measurement units far
customary or Englisk measure-
ment units (i.e,, iuch, pound,
quart, etc.)

-=Conversion does not apply %o
items already produced or in
production,

-=During the conversion, pur=-
chased parts will be availatle
in metric sizes.

There is space at the end of the questionnaire
for any comments you may wish to make concerning
these assumptions, the questlonna1re, or any other
related topics.

The questionnaire is numbered only to permit
us to delete your company’s name from our list
when we receive your completed questionnaire and
thus avoid sending you an unnecessary follow up
request.

Throughout this questionnaire, ther= ane
numbers printed within parentheses to assist ourx
keypunchers in.coding responses fox computer
analysis. Please disregard these numbers,

RESPONDENT INFORMATION: .

NAME ¢

i i 4

TITLE:

TELEPHONE :_( )
(Area Code) - . {Number)

5-33

What is ycur type of business? (Please check
one. If you engage in more than one type of
business, answer for. the: one ‘which’ currently
Drov1de= the greatest gross 1ncome.)
. " T (6=7)
1./ Manufacturlng (includlng )
dairy processor; printer,
-publisher, etc.)

/ Ratail (Please specify kind)

3. /] Wholesale (Please Specify kiﬁd)

4. /7 ] Service (anto repair, beauty
salon, motel, hotel, etc. )

5./ 4 Professxonal sexvice (doctor,
lawyer, ‘etc, )"

6. /7 Mining

7. /] Agriculture (farming, logging, etc.)

8.,/ ] Transportation,'communication,
electric, gas or sanitary services

9. [__/ Construction

10. / /. Financial (insurance, real estate,
bank, savings and loan, etc.)
[/

Other (Please specify)

R R T 2
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2.

Approximately what was your business grosé income 6,
:(sales) for calendar year 1976? (Please: check
‘one.) B :
. S (8)

1, /~ ] ‘Less than $50,000

2. /7 $50,000 to $99,000

3, /7 $100,000 to $249,000

4, /] $250,000 to $499,000

5. /__7 '$500,000 to $1,000,000

6. /7 More than $1,000,000 . - . .
Approximately how many full time employees are

3.

4,

N Much thought

currently on your payroll? (Please check one.)

1, /7 Lless than 5 SR (9)

2. l:::7k 5 to 24: : o o : .~

s [T 23 to 49 I 7.
4, 7 50 to 99 E e

5. /7 100 to 250

6. _:::7 More than 259

r . '." A
"How much. thought have you given to the impact on

your business of converting from the customary
system of measurements to the metric system?
(Please check one.) ;
e (10)

AN

2, /77 Moderate thougbt

: : - 8.
3.1 7 Little or noffhought
4, / 7 Not concerned for a very good reason
(e.g., metric is not here yet,
more concerned with getting
the work done, no direct impact
on my business, don't believe -the
U.S. will convert, etc.)
What is your understanding of the mational policy
concerning converting to the metric system?
(Please check one.)
. . (11)
1. /~ 7 No stated national policy’
2, /] Mandatory conversion within.l0 years
3./ ] Federal coordinating and planning of
voluntary conversion
4, /- / A mandatory, gradual convérsion (1 €.,
more than 10 years)
5, /° / No conversion \ ‘ ,
6. /- ]/ Don't know
7. [/ Other (Please specify)___

5-34
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APPENDIX II.

wﬁich of the foilowing laws or regulations, if

any, currently make it difficult for your

(Please check all that apply.):

Federal antitrust laws
2, / -/ Other Federal. laws.
3., /7 State and local laws

Building. codes .

regulations

Other (Pléasé séecify)‘

s

L7 -
5./ 7 Federal or.State, procurement

l_/

L7

None

8, /- [ No- basis to judge

. business to convert to the metric system?

v (12)
(13)
(14)

(15)

(16)

(17}

(18)

(19)

Do ‘you agree or-disagree that the Federal

" Government should encourage conversion to the

metric system by purchasing items designed or
described in metric terms? (Plgase check one.)

~

1. /_/ Strongly agree (20)
2, / |/ Agree somewhat

3. /[ Undecided

4, /] Disagree somewhat

5. / / Strongly disagree

if metric converéibnMoccurs, which of :the
following roles, if any,.should the Federal
Government assume? (Please check all that
apply.)

/
1. / / Plan the overall conversion (21)
2, /7 7 Coordinate activities (22)
3. / [/ :Establish target dates (23)
4,/ / Counsel and advise interested (24)
parties
5. / _/ Legislate the conversion (25)
: process
"6, /7 ] Make conversion mandatory (26)
7. / /- Enforce the convetsion (27)
_process )

8./ -/ Other (Please specify) (28)
9, / / None of the above (29)
10, / __/ ‘No basis to judge ’ (36-31)

o e
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9, --Does’ your business’ support or oppose the United
States converting to the metr1c system?
(Please check one.)

1. / __/ ‘Strongly support ((32)

Somewhat" support -

Undecided-

7
7

4, 1:::7 Somewhat oppose’
/___—_/ Strongly °PP°%§! ‘
— :

No basis to judge

§
10. Do you believe that conversion to the metric
system is inevitable for your industry?
(Please check one.)-
(33)
P Defin1tely yes. :

~, /

2. /1 Pfob;B1y.yé$

3. /77 Undecided
4, /7] Probably no

5./ 7 Definiteiy no

11, What is the current status of each of the
following metric conversion activities in your
business? (Please check one, ) i

\

No in Does
Plans Plans .-Pro- Com~ Not
For For cess Eleted_ Apply’

Estimate

cost to X
convert [ /LT [ 74T I~ 7 (36)
v 1 2 3 4 5
Convert .
or develop
products
in metric —
sizes /A L/ 1 L] (35)
1 2 3 4 5
Convert
or obtain
equipment
i? metric
sizes / 7 /7 /77 /—7 /=77 (36)
T -2 3 4 5

-Conversion will

‘business.

" Conversion will - .

. products and/or
. services.

Sales will be-lost

APPENDIX II

12, listed. below are several ADVANTAGES freauently
;-attributed te conversion:to the matric system.
Please indicate whether you agrees or disagiez

< that each would be a significant advantage for

YOUR BUSINESS. - (Please :check ome box for each

TOW. ) .

. . No
‘Does’ Basis
Dis- Not ~to
As;sz 2gree. ﬁeglx izgﬁs ‘

The metric system

is easier to use

and would result'. __.__ L i
in fewer errors. [/ _J [ T 77/

Conversion will R
increase or pro-

tect the amount

of exports and/or o ——— s i m
work overseas,  / T T T s
Conver51on w111
provide an oppor~
tunity to stan-
dardize products,

/

L

‘Use of the metric
- system will in-

crease production ____ L e
efficiencies. /

~|

stimulate

'\ i\

Use of the metric

-system. will fa-

cilitate tech=-
nological P
advances. /o]

VAR .

13, Listed below are several DISADVAN&A"FS fun
quently attributed to corver81on Tt Fhe metrin
system, Please indicate whe rer you agree or
disagree that each would Le a significaz®

disadvantage for YOUR BUSTNESS. (Plezes chad)

one, box for each row, ) No
Doxs %qszs
‘Not ~ to

<. Dis=
Apres agres Apply Judge
Lo 2 3 g

R——

‘be costly, .

Training employees

will be time -
consuming, IR A A N A AP T
Conversion will: »

result in dual i iemm e Eia
inventories. R Y A SR S B

Customers will
be confused by
the metric” : armimm

system, ,/~v—,7.‘., / / / 7 [ 7 (43

Conversion will
increas: the price
of your business

CSnversion will
result in safety
hazards and errors.

to foreign imports.

Codes and standards
will have to be
changed. L:?Tf /j:_y‘ j“»:/ /‘"??'(ﬁq)
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4,

L6,

For YOUR BUSINESS, would the advantages of .
conversion to the metric system outweigh the "
disadvantages or v{ce versa? (Please check

one. ) T (51)

1. /. 7 Advantages significantly
outweigh disadvantages

2. /7 Advantages slightly outweigh
disadvantages

3. /7 Advantages would be about the
same as disadvantages

4, /] Disadvantages slightly outweigh
advantages

/ Disadvantages significantly outweigh
advantages

6. /~ ] No basis to judge

For the UNITED STATES OVERALL, would the
advantages of conversion to the metric system
outweigh the disadvantages or vice versa?
(Please check one.)

(52)

1. /=7 Advantages significantly
outweigh disadvantages

2. /7] Advantages slightly outweigh
- disadvantages

Advantages would be about the
same as disadvantages

L/
4, /7] Disadvantages slightly outweigh
advantages

5. /] Disadvantages significantly
outweigh advantages

6. / / No basis to judge

With respect to small and large firms, who would
gain or lose from metric conversion? (Please
check .one.)

(53)
Small firms would gain
and large firms would lose

1.
would gain

[
2. /~ 7 Both small and large firms

Both small and large firms would
lose

3‘

~]

I\

4, /77 sSmall firms would lose and large
firms would gain

5. /7 No basis to judge

17.

18.

19.

APPENDIX ITI

If the United States converts to the metric
system, who should. establish. the:date(s) :by
which your industry would convert?- - (Please
check.one,)

‘,(56)
Congress
U.S. Metric Board (In
consultation with the industry)

Industry associations

Individual. firms

w
.

Other (Please specify) '~

i

No basis to judge =

In the long run, how would metric .conversion
influence  the prices of your business products
or services? (Please check one,)

L. / __/ Major decrease’ (53)
2, _{___7 Some decréase’ '
3. 1:::7 Little ?; no“éhangé
;4; 1:::7' Sbme in§rease» ’
s, L7 Major inérease
6. 1:::7 No basi;'to judge

If the, United.States.converts. to.the metric
system approximately.what would:be the .
shortest timeframe in which YOUR BUSINESS
could convert? (Please check one.

(56)
Less than 5 years :

L7
D_ 5 =10 years N
/__7 11 -~ 15 years

4, i:::7 16 = 20 years
/7 2t - 25 years
1:::7 26 - 50 years

7. /~_7 More than 50 years

8. /77 Never

TN T
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20, - -If conversion is not made mandatory, what

21,

22,

8. /] Never ~

1. T Definitely yes

would be the ‘optimum amount of time your
company weuld need to convert? (Please

- .check one.)

) (57)
1. /7 Less than 5 years

2, /77 5= 10years
3./ / 11'='15 years

4, [/ [/ 16 = 20 years
5./ 7 21 ="25 years
6. 1:::7 26 =50 years
7. :7 "More than 50 yéars

v

Would you need assistance to finance the,

. conversion to the metric system?  (Please
" check one.) :

(58)

2, /77 Probably yes
s . ) .
3./ __/ Don't know - = If you checked
one. of these,
4, / / Probably no please skip to

5. / _/ Definitely no

—

question 23,

What type-of financial assistance would you
favor? -(Please check one=-the pri.ary aze.)

: : (59)
1. /= 7 Bank loan N

" 2. /7] Federal loan

3. /7 Other (Please specify)

23,

APPENDIX II

If you have additioq@l'cdﬁménfsfon:any;of the

. items within the questionnalre ot related
" topics not covered, please feel free to

express your views in the space below or attach
additional data., Thank you very much for

your cooperation in comple;ing‘this question-
naire, o '

/
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APPENDIX III /

‘THE FORTUNE 500 INDUSTRIES

Mlnlng, Crude Oil Production
Food
Tobacco

 Textiles, Vinyl Floorlng

Apparel

Furniture

Paper, Fiber and Wood Products
Publishing, Prlntlng

Chemicals

Petroleum Reflnlng

~ Rubber, Plastic Products
“Leather

Glass, Concrete, AbraS1ves, Gypsum
Metal Manufacturlng

- Metal products
-Electronics, Appllances

Shipbuilding, Railroad, Trans. Equlp. :
Measuring, Scientific, Photographlc Equlp.
Motor Vehicles ¥ :
Aerospace

Pharmaceuticals

.- Soaps, Cosmetics AT !
- Office Equip. (includes’ computers)‘w

Industrial & Farm Equip.
Jewelry, Silverware

" . Musical Instruments, Toys, Sporting: Goods S
Broadcasting & Motion Picture Prod & Dist.

Beverages

- 5-38
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APPENDIX IV . .

APPENDIX IV

SMALL BUSINESS«PROFILEvOFNRESPONDENTS

Type of businessi

Manufacturing 287
Retail .8
Wholesale 12
Service 2
- Professional i (=
Mining i
Agriculture 2
Transportation -
‘Construction 9
Finance : : - -
O‘the‘r ' gray e =l B 1 1
.TotalL(note a)" 333
Gross sales: : ’t?v
Less than’$100;dbb'“f 20
$100,000 to $499,999 66
$500,000 to $999,999 41
$1,000,000 to $4,999,999 132
$5,000,000 to $10,000,000 h: 35
More than $10,000,000 ’ =35
Total (note a) ..© 329
Number of eﬁpioyées:(
Less than. 5- 30
5 to 24 94
25 to 49 73
50 to 99 60
100 to 250 50
Over 250 25
‘Total (note a) 332

7400 sample : .

vﬁjl,OOQ sample

175
119
107
ce 24

24

a/Some respondents did not provide this informations hence,
totals do not necessarily agree.
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APPENDIX:V-. .

SURVEY OF BUSINESS RESPONSE RATES

Questionnaires sent
| . . . .

Undel iverable/out of.
business: '

Potential requnSes
Usable respénses»,»
Response rates:

Usable responses

Potential responses

Fortune

500

500

500

413

413= 82.6

500 per- -

cent

5-40

'Smali;busineSS

w
o
S
-

w
©
o

400 sample 1,000 sample:.

1,002

‘:  "}41',"
961 -

- 693

'84.3 - 693= 72.1
per- - 961 per-
cent cent
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APPENDIX VI — | , APPENDIX VI

NOTES TO APPENDIXES’ VII, VIII, AND IX

CRITERIA FOR TABLES

Appendlxes VII, and:VIII DR

The possible responses to the questions on advantages and-

disadvantages were agree, disagree, does not apply, and no

- basis to Judge. The positions shown on the tables were deter—

mined by using the following crlterla'

Agree--greater than 50 percent: of the*fespbndentsvagreed

Disagree--greater than 50 percent of the respondents dls-
agreed. :

Spllt-—nelther the agree or dlsagree responses total more
than 50 percent but their comblned total was
greater than 50 percent N N ~

A’blank space means that the combined total of agree and,
disagree responses was less than or equal to 50 percent.

Appendix IX

For the possible responses to the questions contained on
this table, see the discussion of each question in this chap-
ter. Where the answers to the questions contained ,qualified
responses; i.e., somewhat suppport, strongly support, etc.,
the qualification has been dropped and the responses combined.
For example, somewhat support plus strongly support equals

support. The last three gquestions on the table ‘all had possi-

ble answers of no plans for, plans for, in process, completed,
does not apply, and no basis to judge; the plans for, in
process, and completed were combined and represent the "yes"

response on the table.

The positions shown on the table were determlned by using
the following criteria. ,

--Stated position--The cited position had more than 50
percent of the total response. Note:
the word position as used here means
any response other than does not apply
or no basis to judge.’

--Split--No one position had greater than a 50 percent
response; but of those taking a position, their

TR e e e e
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comblned total was greater than 50 percent of
the total: responses.

A blank space means that the combined total of those
" taking a position was less than or equal to 50 percent.
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*FORTUNE 500--ADVANTAGES~-EACH INDUSTRY'S POSITION

Opportunity Common Easier Improve Export Increase Facilitate
to standard- measurement to product and work production technological Stimulate
Industry ize products = language use standards overseas = efficiency advances industry
Mining, crude-oil production Split Split . ! Split
Food Split Agree Split Disagree Split Disagree Disagree Disagree
Tobacco : Agree Split Disagree Disaaree
Textiles, vinyl flooring Agree Agree Split Disagree Disagree Disagree ' Disagree
Apparel Agree Agree Disagree. Disagree Split Split
Furniture (note a) . - B iR
Paper, fiber, and.wood products Agree Agree Split Split Disagree Disagree Disagree
Publishing, printing Split Split
Chemicals - Agree Aqree Agree Split Split Split Disagree Disagree
Petroleum refining Agree Agree Split Disagree .- . Disagree Disagree Disagree
Rubber, plastic products Adree Agree Agree Disagree Split Split Disagree Disagree
Leather (note a) . o ’
Glass, concrete, abrasives, - . O ) i
__gypsum Agree Split Agree Disagree Split Disagree Disagree Disagree
Metal manufacturing Agree Agree Agree Split Split Disagree Disagree Disagree
Metal products ] Split Agree Agree Disagree Split Disaqree Disaqree Disaqree
Electronics, appliances Agree Agree Agree Agree Split Disagree Disaqgree Di%éqree
Shipbuilding, railroad and )
transportation equipment (note a) -
‘Measuring, scientific, photo- . ]
graphic equipment Agree Agree Agree Agree Agree Disagree - Split S
Motor vehicles Agree Agree Agree Agree split Split Split Split
Aerospace Agree Agree Split Agree Disagree Split Disagree - . Disagree
Pharmaceuticals Agree Adgree Split Split Disagree Disagree Disagree ° Disagree
Soaps, cosmetics Split Agree Split “Split Disagree
Office equipment {includes
computers) Agree Agree Agree Agree Agree Split Split :
Industrial and farm eguipment Agree Agree Agree Split Split Split Disagree Disagree
Jewelry, silverware [] . . No respondents in this industry j
Musical instruments, toys, )
sporting goods (note a) -
Broadcasting, motion picture )
production and distribution- ° Split
Beverages . Agree Split Agree Split Split Split Disagree Disagree

is not shown to protect\confidentiality.

a/Because of the small number of companies in this industry,

T T g

a breakdown of information
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is not shown to protect confidentiality.
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Product : safety
S e el . Dual s . standards Customers ' Increase Product - hazard lost to
Industry inventories Costly Training'  changed confused  prices retesting and errors  imports

Mining, crude-~oil production - .1 8plit -~ Bhgree - Agree Split Split. Split
Food . o cel o ~“BAqree ... _Agree ... _Aqree: .. Agree Agree Split Split -~ Disadree Disagree
Tobacco. ] ) ’ _ _Disagree. Agree Agree Disaqree Split . Disagree Disagree Disagree
Textiles, vinyl, floorl;g Agree _Agree Agree Agree Agree ) C Split -Disagree Disagree
Apparel : Agree Agree Agree Disagree Agree Disagree Disagree Disagree Disagree :
Furnjture (note a) N L e - : R : - :
Paper, ‘fiber’;, wood products ‘Agree Agree .. Agree - Agree Agree split Drsagree Disagree Disagree
Publishing,: pr1nt1ng ] Agree Agree : Disagree i
Chemicals : Agree —_Split . Agree - . . " Agree Split split stagree Disagree Disagree
Petroleum refining - - -Agree : . Agree .’ _Agree.. ... Agree Agree Split Disagree Split Disagree
Rubber , . plastic products - “Agree Agree - _Agree Agree Disagree -~ Disagree.: Split< Disagree - Disagree .
Leather (note ‘aj ] ] I
Glass, concrete, abrasives, 2 . : ) =

gypsum -0 Agree Agree Agree Agree Agree Split Disagree Disagree Disagree
Metal ‘manufacturing’ ] Agree Agree Agr ee Agree Split Disagree Disagree Disagree Disagree
Metal products - ] : Agree B Agree . -  BAgree . ‘Agree Adree Split Split. Disagree Disagree
Electronics, appliances - - Agree Agree Agree... - AgQree- Split "Disagree - Split ~ Disagree Disagree
Shipbuilding, railroad and . = . : : ' e - ‘

transportation eguipment (note a)
Measuring, scientific, photo- ) - - . ~ ] 3

graphic equipment : Agree . Digsagree .. Disagree Split Disaqree Disagree Disaqree Disagree Disagree
Motor vehicles - - Agree Disagree... Disagree. _.Agree Disagree Disagree Disaqree Disagree Disagree
Aerospace: -Agree - Agree =~ Agree - .:Agree Split Agree Split- Disagree Disagree
Pharmaceuticals . Split - Agree Agree Agree Agree " Disagree . Disagree Disaqree Disaqree
Soaps, cosmetics Agree . .. Agree . Agree . ‘-Disagree Agree jDJsggree,. Disagree Disagree Disagree
Office equipment (1nc1udes T s R - o o o B

computers) : .. Agree ~~ ~  Disagree Disagree- " - Agree - Disagree. . Disagree - Disagree Disagree Disagree

Industrial and farm equipment Agree Agree . - Agree "~ . Agree Split ' Disagree Split: = Disagree Disagréee
Jewelry, .silverware < : : e No respondents 1n‘fh15 industry. T
Musical instruments, toys, and .

sporting goods- (note a) . p -~ .
Broadcasting, motion picture R ; B ;

_production and distribution -Agree Agree : :
Beverages Agree ... -~ Agree - '5plit Agree Agree.  Split Split Disagree
a/Because of the small number of companies in this industry, a breakout of information
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Position Advantages/D1sadvantages . status
. ] Weighing of Number of - B T
; Support/ advantages/disadvantages Changes in . metric " Metric 8 cost
Industry - oppose  Inevitable Business U.S. _Exports Imports Prices leaders coordinator Training analysis
Mining, crude-oil production Support Yes - Split Advantage  No No No None No No No
Food ~ Support Yes Disadv. Advantage No - No - --No - .Three Yes No No
Tobacco Support Yes Split ~"Advantage ‘No -~ . No- No None Yes No No
Textiles, v1ny1 floorlng SpIit Yes Split Split: " No No Split Two Yes~ No No’
Apparel SUPPOTE Yes SpIit Advantage —No No ~ No One Yes No - No
Furniture. {note a) - i
Paper, fiber, wood products Suppon: Yes _ Split Advantage ~No ~ No No... i . Two Yes No No
Publishing, printing Split - Split B No -~ _No No - ~None ~_No No No
Chemicals . Support Yes - Split . Advantage _ "No No No . | - Four 'Yes Split Split
Petroleum. refining upport Yes Disadv. Advarntage - Ko No “No None Yes Yes Split
Rubber, plastxc ptoducts Suppor £ Yes ..Advantage Advantage No. Sp11t No One Yes Split Yes
Leather (note a) L \ B :
‘Glass, concrete, abrasives; . - -
gypsum ’ . Support Yes Disadv. Advantage No No No None Split Yes Split
Metal manufacturing Support Yes Split Advantage No No No One Yes Split No
Metal products i Support Yes ~.Split - Advantage” .. .No ‘No No .. Two Yes No Split
Electronics, appliances Support Yes Split Advantage - No - No No None Yes Yes Yes
Shipbuilding, railroad and . . .
__transportation equipment (note a)
.. Measuring, scientific, photo- i -
. graphic_equipment Support Yes Advantage - Advantage .. No No No Two Yes Yes Yes
Motor vehicles . “Support Yes Advantage . . Bdvantage No No No Six Yes Yes Yes
. Aerospace © Support Yes Split Advantage - NO No - Split . None Yes Yes Yes .
g,_harmaceutzcals Support Yes SpIit *Advantage -No .- No No TWO ‘No Split Split
. Soaps, cosmetics. Support Yes Split . Advantage ~ ... No " "No - No None " Yes. No Split
-Office equipment (1nc1udes T P j T N - B
—..computeérs) . Support Yes Advantage- . Advantage _p;it No No Ivwo Yes Yes Yes
_+Industrial and farm equlpment - “Support Yes Split- Advantage. " No. No No - Seven Yes Yes . No
~Jewelry, silverware No~ respondents 1n this Industry o -
"Musical.instruments; toys,
'sporting goods (note a)
Broadcasting, motion picture j s B = E NS - R - T - o
. production_and d15tr1but10n Support Yes ;:8plit  ..<: Advantage’. . ‘No No Split None - No - ‘No* No
‘ Beverages Support Yes -Split Split . No- ~-No Increase .- TwO. : Yes 8plit “Yes

a/Because of the small number of companles 1n thls 1ndustry, a breakout' of lnformatxon is

not shown to protect confidentiality.
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CHAPTER 6

SIGNIFICANT EFFORT REQUIRED IF .ENGINEERING

' STANDARDS ARE CONVERTED

What engineering standards are- and what.
they do :

Development process for englneerrng standards

How voluntary engineering :standards- become B

. national or ‘international standards-
Trme requrred to oevelop standards

Vlews vary on: need to convert standards

‘Metric: terms used 1nternat10nally

Internatronal standards can be source of

metric standards
Standards conversion in other countrres

Number of- englneerlng standards and the -
metric: rmpact
“Few U.S. metric standards exrst
Advantages and drsadvantages .

Cost to. metrlcate standards
Views of standards wrrters.,- .
. ANST . ' ‘
American Socrety for Testrng and Materlals
American Society of Mechanical Engineers
American Society of Heating, Refrigerating;
and Air- condltlonlnq Engineers
Institute of Electrical and Electronic
Englneers
. Underwriters Laboratorres Incorporated
Society of Automotive Engineers
Federal Government standards

Conclusions
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" CHAPTER 6 -

SIGNIFICANT EFFORT REQUIRED ‘IF ENGINEERING

STANDARDS ARE:- CONVERTED

Engineering standards 'serve as the keystone to industrial
and product development. Broadly speaking, engineering stan-
dards are agreements that specify characteristics of things
or the way we do things. Engineering standards bring order to
the marketplace;- without them “there would be ‘inconvenience
and higher costs, and mass production would not be feasible.

Standards use in the United States is essentially a wvol-
untary matter. Companles or industries which decide to metri-
cate will have to review their engineering standards to: deter-

-mine whether to metricate existing standards; develop new .

metric standards; or adopt metric standards of other 1ndus-'
tries, organlzatlons, or countrles.

Measurement is an 1ntegral part of about one-fourth of
all engineering standards. The overall cost to convert or
develop metric standards has not been estimated, but is be-
lieved to be significant by those involved .in standards ‘devel-
cpment. Universal adoption of existing foreign metric stan-
dards is not necessarlly a viable alternatlve. However, they
can be adopted in some instances (see ch. 7). The time re-

"quired to convert or develop new standards varies by the in-

terest of the parties and the complex1ty of the standard.
Some standards would not be converted because the change in
SLZes is not practlcal. ‘

. The ascribed- benefits ant1c1pated by metrlcatlng engl—
neering standards are increased standardlzatlon, revision or
elimination of out-of-date or seldom-used standards, and the
use of improved technology. However, these are only addition-
al opportunltles because they could be achieved without metrl-
catlon, and their achievement lS not assured

We discussed metrication of standards with U.S. stan—
dards writing organizations and various industry representa-.
tives. We also reviewed National Bureau of Standards' publi-
cations covering metrication and standards. ‘

1
WHAT ENGINEERING STANDARDS
ARE AND WHAT THEY DO

Engineering standards vary from a simple one-page chart
to a thick volume with many complex formulas. Standards are
used to describe a large variety of items, such as the diam-
eter of wire, size of bolts, wattage of light bulbs, size of

6—1 i
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highway signs, technical basis for building codes, tire sizes,
and purity of aspirin. Below is an example of a standard
for~the'interstate'highway shield, and on the following page
is a standard for a hex-headed bolt.
more complex than the highway 'sign standard.

!

The bolt: standard 1s

Deslgn Standard for Interstate
Highway Shields

24 |

‘8 |c |Dp

24 x 24 ‘15 [ 15 | 5 %

30 x 24 17 |24 | 5 %

36 x 36 22% (22% | 7% | %

45 x 36 25% (36 | 7% | %

48 x 48 30 | 30 [ 10 | 1

 60.x 48 34 | 48 | 10 [ 1

AR s | B 5
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. SQUARESHEX -
 BOLTSsSCREWS
—

Notes. 1.

~

o

~

© w

1970 Draft .
"} “Revision of
| ANsi B18.2.1.

1965
,—H— .
.. \hll\\l\“\\\l\“
IR
R — Ly —=}(REF)
—Lg SEE NOTE 11 N
L
E e 6 W' 3 Y Ly (Ref
R i H , e R L\‘ "Thread Length

Nominal Size { Body Width Across Width' Across Height Rodius ! } i

orBosic I pia| . Flaks. .. | Corners . wwoi | ofFillet.. |- FarBolt For Bolf

BoftDia " FU B R Lengths <6 in. | Lengths > 6 in.
o7, | Max| Basic | Max | Min | Max | Min | Basic | max | Min | Mer] Mim] Basic Bosic

1/4. 02500]0:260 7/16 [0.438]0.425| 0505 0.484] 11764 0.188] 0.150] 0.03] 0.01 0750 . "1.000

5/16 03125/0.324 1/2 [0.500| 0.484[0.577| 0.552| 7/32 10.235(0.195]0.03 001 | 0875 1125

3/8 0375010.388] 9/16 [0.562] 0.5440.650( 0.620] 1/2 |0:268|0.226]0.03[ 001} 1.000 . 1.250

7/16 04375[0.452] 5/8 0.625|0.603|0.722( 0.687| 15/64|0316{0272[0.03] 0.01| 1125 1.375

12 0500010515 3/4  |0.750/0725(0.866] 0.826] 11/32] 0.364[ 0302003 0.07 | 1.250 1.500
© 5/8 0.625010.642| 15/16)0.938(0.906(1.083| 1.033| 27/64|0.444)0.378)0.08] 0.62] 1 500 1.750

3/4 0750010768]1.1/8 [1.125|1.088[1.299]1.240] 1/2 |o.524|0.455]0.06| 0.02] 1750 2,000

7/8 0.8750]0.895(1-5/16 |1.312]1.269]1.516{1.447{ 37/64]0.604]0.531}0.06| 0.02] 2000 2250
1 1.000011.022]1-1/2 [1.500]1.450[1.732] 1.653] a3/64]0.700[0.591 J0.09f 0.03] 2250 2.500
t-1/8 112501 1.149]1.11/16| 16881 1:631 |1.9491.859] 3/4 [0.780|0.658|0.09| 0.03] 2500 2750
1-1/4 1.250001.27711.7/8  [1.875|1.812[2.165| 2.066] 27/32{0.876]0.7a9}0.09] 0.03] 2750 3.000
1-3/8 1.3750{1:404)2-1/16 |2.062)1.994]2.382} 2273 29/32}0.940|0.810{0.09} 0.03| =~ 3000 3.250
1-1/2., 1.5000|1.531f2-1/4 |2:250{2.175|2.598[2.480 1 1.0360.902f0.09[ 0.03[* 3250 | 3500
1-3/4 1.7500|1.785|2-5/8 |2.625|2.538|3.031)| 2893 1.5/72 1.19 1.o;4 012 024 - 3.;50 4000
2 2.0000|2.039{3 3000/ 2.900]3.46413.306 |1.31/32[1.388 | 1.175{0.12| 0:04] ~ 4250 4,500
2-1/4 2.250012305|3-3/8 |3.375|3.262[3.897|3719|1-1/2 15481327 ]0.19) 006 4750 5.000
2-1/2 2.50001255913-3/4 {3750]3.6254330] 4133]1.21/32] 1.708| Varo [0.19[ 0,06 | 520 5.500

)| 2-3/4 275001282714.1/8. [4125]3.988 [4763( 4546113716 1.869 ] 1.632 019|006 | - 5750 6.000
i3 3.00003.081{4-1/2 |4.500{4.350]5.196| 4.959 2 2.060(1.835f0:19{0.06 |  &.250 6500

3-1/4_3.25003.335|4-7/8 14.875[4.712)5.629]5.372|2.3/v6 | 225V |1936]0.19] 0.08] 6750 7.000
3-1/2 3.500013.589|5.1/4 |5.250|5.075]6.062] 5786} 2.5/16 [2.380] 2057 ]0.19] 0.0}  7.250 7.500
3-3/4 375001385815.5/8 |[5.6251543716.495)6.198]21/2 |2572| 224 Joas|0i0s| 77500 8.000
4 4.0000]4.111 6 6,000)5.8006.928 6.612| 2:11/16] 2.764| 2.424 J0.19] 0.06 | - 8250 8.500
See Notes 17 7 4. - : . n

Uriﬁ;:qdon. Bold type indicates products uniﬁﬁ dimen-’
sionally with British and Canadian standards. .

. Surface Condition. Bolts need not be finished on any surface

except threads,

. Top_of Head. Top of head shall be full form and chamfered or

rounded with the diameter of chamfer circle or start of rounding
being equal 10 the maximum width across flats, within a toler-
ance of minus 15 per cent.

. Head Taper. Maximum width across fiats shall not be exceeded.

No transverse section through the head between 25 and ‘75 per
cent of actual head height as measured from the bearing sur-
faca shall be less than the minimum width across. flats,” .

. Bearing Surface. A die seam ‘across’the.bearing sirface is

penmissible. Bearing surface shall be pemendicular to the axis
of the y within a toferance of 3 deg for 1, in. size and
smatler, and 2 deg for sizes larger than 1 in. Andularity mea-
surement shall be taken at a focation to avoid interference _from
a die seam. : : '

. Concentricity of Head. Thé axis of the head shall be concen-

tric with the axis of the body (determined by.one diameter
length of body under head) within a tolerance equal to-3 per.
cent (6 per cent FIR) of maximum width across flats.” -

- Body Diameter. There may be a reasonable swell, or fin under

the head or die seam on the body not to exceed the basic
boit diameter by the following: . g

0.030 in. for sizesup to 1/2 in, .

0.050 in, for sizes 5/8 and 3/4 in, -

0.060 in. for sizes over 3/4 in. 10 1-1/4 in.

0.090 in. for sizes over 1-1/4 in. to 2 in.

0.120 in, for sizes over 2 in. 10 3 in,

0:190 in. for sizes over 3 in.
Point. Bolts need not ba pointed.
Straightness. Shanks of bolts shall be straight within the fal-
lowing limits: for bolts with nominal {engths to and including

in., the maximum camber shail be 0.006 in. per inch of

bolt_length, and for bolts with nominal lengths over 12 in.

“to.and including 24 in.” the maximum camber shall be 0.008

10.

in. per inch of length, A suggested gage and gaging procedure
for checking bolt straightness is given on Page A—23.

Length Tolerances. Bolt length tolerances are given on Page
A—22. Tolerances for non pointed products shall apply.

- Thread Length. The length of thread on bolts shall be controll-

ed by the grip gaging length Li; max as set forth in the fol-

Towing:

Grip Gaging Length, LG max, is the distance, measured paral-
tel to the axis of boit, from the underside of the head to the
face of a or 0
thread ring gage assembled by hand as far as the thread will
pemit. The maximum grip gaging length, as calculated and

1
1

6-3

rounded 1o two' decimal places, for any bolt length shall be
equal o the nominal” bolt length minus the basic thread length
(LG max = L nom — LT). It represents the minimum design
grip ‘length of the bolt and shall be used as the criteria for
i ion and for d ining thread avaifability when select-
ing bolt fengths even though usabie threads may ext beyond
this point. .

All belts of nominal lengths equal to or shorter than the basic
thread length, L, plus alength of 2-1/2 threads for sizes up
to and including 1 in., and LT plus 3-1/2 threads for sizes
larger than 1 in. shall be threaded for full length., The. distance
from the bearing surface of the head to the first complete
{full form) thread, as measured with a GO thread ring gage
assembled by hand as far as the thread will permit, shall not
exceed the.length of 2-1/2 threads for sizes up to and includ-
ing 1 in., and 3-1/2 threads for sizes larger than 1 in,

Basic Thread Length, Ly, is a reference dimension, intended
for._calculation pumoses only, which represents the distance
from the extreme end of the bolt to the last complete (full
form} thread. - '

2. Incomplete Thread Diameter. The major. diameter of incomplete
- ;maac:h s;;ﬂl not exceed the actual major diameter of the full
sform thry . .

3. Threads. Threads, when rolled, shall be Unified coarse, fine
or 8 thread series {UNRC, UNRF or 8 UNR Series), Class 2A.
 Threads produced by other methods may be Unified coarse,
fine or 8 thread series (UNC, UNF or 8 UN Series), Class 2A.

4. Reduced Diameter Body. Bolts may be obtained in *reduced
diameter body"’. Where “*reduced diameter body” is specified,
the body diameter may be reduced to_approximately the pitch
diameter of the thread. A shoulder of full body diameter under
the head may be supplied at option of the manufacturer,

§. Identification Symbols, Identification marking symbols on the
tops.of heads for bolt sizes '5/8 and smaller shall project not
less than 0,005 in. above the surface nor more than 0,015
in. over the specified maximum head height; and for bolt sizes
larger than 5/8.in. shall project not less than the equivalent

in inches of 0.0075 times the basic bolt diameter above the-

surface nor more than 0.030 in. over the specified maximum
head height. ASTM and SAE grade markings for steel bolts
are given on Page N—20.

6. Material.. Unless otherwise specified, chemical and mechanical
properties of steel bolts shall conform to ASTM A307, Grade
A.-[See Page’ N—20). Other materials shall be as agreed
upon by manufacturer and purchaser.

7. Nominal Size. Where specifying nominal size in decimals, zeros
preceding the decimal and in the fourth decimal place shall be
omitted,

8. See Introductory Notes and General Data on'Page A—3.

9. Weights. Weights given on Page N--30.

o
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The use of engineering standards which leads to stan-
dardization: greatly simplifies commerce in a-highly:indus=- "~
trialized .society. The absence of standards would greatly -
complicate the tasksof the‘buyers:.and producers 1n satls-'
fying their needs. Standards provide fos

——improved'communication between buyer and seller; - .

—=greater conf1dence 1n the commodlty purchased

2—-better understandlng of hom/to use the commodlty;
k“';-greater publlc safety in. the use of the commodlty,vdd

--better quallty control-

ﬁq;--lower 1nventor1es for both producer and user through
, e11m1nat10n of unnecessary s1zes, styles, and grades-“

—-earller dellverles because of ab111ty to stock common
1tems- :

--better performance at lower prlces through reduced
need for negotiations and more efficient inspection
and testlng, and

For example, a consumer buylng a lamp for home use usually

assumes the plug will fit the electrical outlet, a lightbulb
will fit the lamp socket, and the llghtbulb will not immedi-
ately burn out or explode when the switch is turned on. The

.consumer: can .take these things for granted, for the most part,

because. the. producers of power generators, .electrical trans-
formers and wiring, wall -sockets, electrical fuses, lamps, -

~and light bulbs all -use engineering standards whidh ensure

the consumer: that the 1amp w111 work and work safely

: When manufacturers produce s1m11ar 1tems using dlfferent
engineering. standards, the result can mean added costs and in-

- convenience; for the consumer. For instance,”the buyer of a
‘a new battery- operated calculator may not be able to recharge

the battery by using the charging unit for another calculator
because the units are not standardized.. The buyer may find
that the two charging units are des1gned to. fit the home elec-
trical outlets. Both convert household current into useable
current for the calculators, and both may be jidentical in many
other ways. However, the size of the plug which fits into the
calculator and the output of the charglng units may be dlffer—
ent. Thus, the two units are not interchangeable.

b i £ R R 00 4+ 000 8
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\Why is it ‘that the lamp buyer can be :secure in the
knowledge-that everything will fit and work properly and the
calculator buyer cannot? The answer lies in ‘the manner in
which eng1neer1ng standards are developed, promulgated, and
adhered to in the United States. ;

DEVELOPMENT PROCESS FOR'ENGINEERING«STANDARDS'

Engineering standards are developed -and published at
essentially three levels: a single organization, company, or
local group; a national organization, professional standards
writing organization, or trade association; and an interna-
tional  organization or international. standards writing- organ—
ization.

The follow1ng chart deplcts the voluntary standards de-
velopment staircase. Information on standards flow up and
down: the staircase, and ‘the acceptance and use of the stan-
dards depends on the 1nd1v1dual partles 1n the process.

Voluntary Standards Development Staircase

International
standards |

"National
standards

Individual |
standards‘

i Metrication of engineering standards in ‘the United States
will involve all of the above levels. ' However, the degree

of coordination between the three levels varies w1dely. The
least coordination exists at the individual organ1zat1on
development level. Coordination is gréater at the national
level and potentially the greatest at the international level.
When numerous individual engineering standards are used

rather than national or international standards, an exces-

sive variety of products may occur and replacement parts may
be. dlfflcult to obtain.

In the Unlted States englneerlng standards development
is pr1mar1ly voluntary as is adherence to these standards.
Groups join together on a voluntary basis to negotlate an en-
gineering standard; and unless a standard is cited in a law,
regulation, building code, or conttract, no one 1s compelled
to use or comply with it.
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In add1t1on to the many individual: companies:who. develop
thelr own standards, over 580 groups ‘in the: United States—=
professional societies, trade associations;' State governments,
and Federal Government agenc1es--wr1te, disseminate;, or: partl-
cipate in standardization activities. ' Also, an estimated .
12,000 local governmental bod1es issue bu1ld1ng codes and
regulatlons.' : T o

P .

Internat1onal standards are developed by mult1nat1onal
organlzatlons.' Both the public and private sectors. part1c1pate
in international standards setting activities.’ Generally, the
Federal Government represents the United States in interna~ "~
tional standards organizations, such as the General Conference
of Weights:and Measures, which have been:established by. trea=
ties. ‘The American National Standards Institute, a prlvate
nonprofit organization, represents the United States in inter—
‘national standards organlzatlons wh1ch have not been estab-
llshed through treat1es.~ ‘ Lo oo Lo

\ B
How voluntary englneerlng standards become,u
national or. 1nternat10nal standards

Two means exist for a voluntary enqlneerlng standard
to become a national or international standard. One is
through wide acceptance of the standard by various companies
and industries. These are sometimes referred to as de facto
national or international ‘standards. : The other means ‘is
through' formal recognition by a natlonal or 1nternat10nal s
standards wrltlng organlzatlon. : Lo -

In the Unlted States ‘the Government does not publlsh or
promulgate national standards as some other countries do.
ANSI is the only U.S. standards promulgating organization
whose goals and objectives are to provide. formal: recognltlon
of standards as national standards. ANSI writes no ‘stand- .
ards; however, it provides a medium for coordinating stand-.’
ards development and agreement on national standards. The
standards 1t approves bear the name, “Amerlcan Nat10na1
Standard ) S o : :

ANSI's membership consists of 900 companies.and: 200
trade, teChnical,'professional, labor, government,::and consu-
mer organizations.. It has established formal review proce-
dures for use in considering proposed national standards, and
it requires formal voting and resolution of objectives before
approving a ‘standard. It has approved about 6,500 englneerlng
standards as Amerlcan Natlonal Standards.- ‘ ;

The Internatlonal Organlzatlon for Standardlzatlon (ISO)
and the International Electrotechnical Commission are: the
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principal international organizations involved. in preparing
voluntary. engineering standards. - Membership in these. is lim-

. ited to national representatives of member countries. ANSI
-«is the U.S. representative. IS0 has 81 member nations, and.

the CommisSion hasﬁ42

| The Comm1s51on is concerned w1th electronlc and electrl-
cal standards, and ISO is coricerned with all other types of
standards. These international organizations have publlshed

‘. about 1 500 and 2 800 standards, respectlvely

Trme requ1red to develop standards

Standards development is a labor 1ntens1ve and t1me~s
consumlng process. - It irequires the interested parties to .. -

- meet and .reach’ agreement on the standard.. Standards writers:

told us: that it-usually:takes between 2- to 5. years to develop
and process a new standard. This time is spent to develop
the technical information and to obtain agreements on the
standard. Standards development is also a:.continuous pro-.
cess. Organizations generally review therr standards every 3
to 5 years to reafflrm or revise them.

Organlzatlons belreve that the metrlcatlon of englneer—
ing standards:would. be . done when the standards are being re-
viewed or updated. - They qenerally believed that a special
program ‘to metricate standards would be too- costly. The time
required to convert a standard depends on:the interest of par-
ticipants and the complexity of the standard 'accord;ng to an
official of one large standards writing organization. How—
ever, in his opinion, the time required to convert a. standard
should be less. than that requlred for developlng a new one.

If. an lnternatlonal agreement on a standard. is sought,
additional time: is required. We were informed that obta;nlng
international- agreement on a standard«requires an additional
2 to.'5 years.u S ‘u - ~ RE S

VIEWS VARY ON NEED TO CONVERT STANDARDS

'Proponenthofwmetrication point out that as the world

becomes..increasingly metric, the need for the United States

to use the-metric system increases.. U.S. engineering stan-:.
dards are based on the customary system and generally are not
compatible with standards based on the metric. system. -The

importance of the compatibility of engineering standards. is '

increasing in European markets. This is signaled by actions.
of the European Economic Community countries. Policies of the
Community' suggest the increased adoptlon of 1nternatlona1

standards as national standards.
i
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The use of international standards'can broaden competl—
tion by assuring buyers and producers cons1stent products and
materials which meet their needs regardless of country of
.origin, according to- standards organizations. Also, the1r
use can reduce trade problems.  Generally, the parties
interested in’ international standards are those 1nvolved in
international trade. :

- In our questionnaire to firms listed in the Fortune 500
(see ch. 5), we sought opinions on the. 1mportance of measure-
ment. units and/or engineering standards in trade. Most of .
the respondents stated that measurement units and enqlneerlng
standards,‘ customary. or metric, were of minor 51gn1flcance 1n
promoting or deterring exports. e S :

1.Metrlc terms used 1nternat10nally

Use of the Internatlonal System of Unlts 1s 1ncrea51ng
in international trade and standards. The Department of
Commerce advises U.S. exporters that most foreign countries
issue product standards which use hard metric dimensions.
Further, U.S. products must conform to each country's laws
and regqulations:and be compatible with products used in
those countries. However, many U.S. engineering standards,
such as those used in the aerospace and petroleum industries,
have been accepted: internationally because of the U.S. tech-
nological lead. These engineering standards are soft:con-
verted to metric terms by other countries or international
organlzatlons 1f necessary -

In 1971 the European Economlc Communlty lssued a direc-

tive establishing that all:commercial. transactions between the

members be conducted in SI units. This, coupled with greater
international standardization in the Community, leads to the
possrblllty that U.S. products will be: requlred to meet metrlc
englneerlng standards.
( . _ _

Flnally, ISO and the Internatlonal Electrotechnlcal Com-
mission have adopted: the SI system as the:official measurement
language for their standards. European countries are begin-
ning to use SI units in their national standards. This means
that standards written in U.S. customary units are losing
international acceptability, accordlng to standard writers.
However, the extent to which other countries use and adhere
to-sinternational- standards has not been ascertained, according
to NBS. o : -
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INTERNATIONAL STANDARDS: CAN- BE'
SOURCE OF METRIC STANDARDS

Most forelgn englneerlng standards are in metrlc unlts.
This means that the United States has the option of adapting.
the foreign metric engineering standards, . rather than develop—
ing its own. : : :

, International'and'foreign;Standards.are criticized'for_
not always being technically adequate for use in the United

* States. . However, an: ANST official sald that there is a: lot,

of truth in the pornt,‘"If I did not write the standard;
do not use it." " We:did not judge the validity of the- cr1t1—
cisms. Some cr1t1c1sms of the IS0's standards are: . :° g

-~They are the lowest common: denominator: of the countrles‘

involved; that is, to satisfy all parties, the standard
approved may reflect a- lower technology level than pos-
'srble. RS oL R Sl

A--They are out of date by the tlme publlshed

——The European members use block votlng to ensure thelr

v1ews. s : S R . _

——Too llttle u. S' participation exists. ln theudevelopév-
-ment:of standards to enerse the1r use in-. the Un1ted
States. T : - : :

As will be discussed in chapterf7, the U.S. fastener in-

dustry tried to develop a new international standard for met-

tric fasteners but eventually: adopted the 1nternatlona1 stan-f

dard w1th some exceptlons.

Standards converSlon'lnrother countries . .

The metrication of engineering standards was one of the

early conversion projects started in the United Kingdom,

Australia, and Canada. Essentially, these: governments left
the actual conversions up to. industry and the national stan-
dards writing organlzatlons.. The use of national standards
in these countr1es, as ln the Unlted States, is voluntary.xﬂ«

However, the degree of government 1nvolvement in stan—

- dards development in these countries is greater than in the

United States. 1In the United Kingdom and Australia, the' na-
tional standards coordinating body is a government agency;
it receives funds from both the government and the prlvate
sector. Canada used its metric conversion commitment, in

" part, to introduce government review and involvement of its

voluntary standards development system. The Standards

6-9 .

FTEy e o




ST T

Council of Canada was establlshed at . the onset of its metri-
cation commitment as the national: coordinating agency for
standardization. :Its purpose is to iencourage the writing of
standards through the voluntary consensus process. The Coun-.
cilSCertifies»standardSﬂwrittngrorqanizationsiandﬁensures that
a consensus standard is produced. ‘It manages the national
.8tandards of Canada. Also, the Counc1l has therresponsibility
for representing Canada in the 1nternat10nal standards organ-
izations. . Thus, these governments are able to direct the
standards development toward metrlcatlon.

However, Ain the Unlted States, the Federal Government
neither«coordinates: national standardization activities,
revrews ‘the standards development processes, nor certifies
standards writing- organlzatlons.. Although Federal "agencies
develop standards, their use is not: mandatory unless cited
in'laws, reqgulations, and contracts. - Legrslat1on 1ntroduced

~inthe Congress in 1976 .and 1977 proposing ‘more Federal

Government involvement and review.of standards development ~
was not enacted 1/

NUMBER OF ENGINEERING STANDARDS

AND THE METRIC IMPACT

, In 1971 NBS reported that about 60 000 englneerlng stan—
dards were being used as national standards. About two-thirds
of these had beeéen issued by the Federal Government  andione-
third by.various standards: writing groups. in the ‘private . .
-sector. NBS estimated that only -about .one-fourth of the. engi-
neering standards. were measurement sensitive; that is, mea—'
surement was an integral part of the engineer ing standard.

~ To evaluate the impact of metrication of engineering
standards, NBS categorized the types of standards into uses.
and\purposes as follows- : o . v
~1. DlmenSLOnal standards spec1fy the unlform 51ze for
: products or items.  ‘For example, a specific width -
"for the distance between ralls for rallroads has_v.
" been establlshed : =

2."Qua11ty standards assure ‘a des1red quallty level for
a required service and uniformity in quality from
one .item to another. However,; quality standards are
-not-measurement sensitive because they prescribe a
.degree of guality. For example, if an engineer de-
termines that a bolt must have :a strength of 120,000

1/S. 3555, 94th Cong. 24 Sess. (1976)
S. 825, 95th Cong. lst. Sess. (1977)
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pounds per ‘sqguare inch, this requ1rement is the same
' whether the strength is reported as 827,000 kilo-
pascals (metr1c) or 120, 000 pounds per square. 1nch

'3.' Methods of test standards prov1de a common bas1s for
~evaluating materials and products. These establish

normalized procedures for determining critical dimen-

sions or ‘product quality and are essential for ascer-
taining if a product satisfies a spec1f1cat10n.

4. Descr1pt1ve standards are comprlsed of those engl—
neering practices which do not involve measurement
‘units. They include symbols, sampling ‘and other
statistical practices, terminology and definitions,
format for drawings, .and other descriptive engineering
practices. Examples are the glossary of terms, the

- color code of similar products, the list of symbols
- or abbreviations used in: a standard, and the sample
size to estimate quality of a lot. Lo

In addition, de31gn and performance standards ex1st
which 1ncorporate the above categories of standards.. Des1gn
standards impose limits on product design or materlals used.
Performance standards describe how a product or material
should behave under certain- cond1t10ns.

Engineering standards can be:based on any system of mea-
surement units, and the values can be converted from one system

to another. The use of a common measurement system could elim-.

inate both errors that may be made when converting between:
systems and the ‘staff-hours required to: make the conversions.

; When customary values are converted to metric values in
an- englneerlng standard, the process is referred to as soft
conversion., Essentlally, no physical:change takes place in:
the products. Some standards, such as the distance between
rails for a railroad, would only be soft converted because
it would be impractical to change the distance. However,
some standards organizations explained that this type of
conversion is of little value because it takes time to make
the calculat1ons and no change occurs except in measurement
language. :

- The alternatlve process is called hard conversion. It
calls for new standards because a physical change would take
place in the products. Hard metric standards are not com-

‘patlble with customary standards because the values commonly

used are not equal. Some examples of units commonly used in
standards are shown on the follow1ng page.

6-11

G e TR L e R

T

Ty



RE

L L

Customary Soft-converted  Typical rounded -

Unit units metric units . metric units
length: -~ + 1/4 in 6.4 mm o 75 mm
- -.1/2 in . 012.7 mm 10 mm
1 in 25.4 mm - 25 mm
2 in. 50.8 mm ‘ 50 mm
4 in 101.6 mm 100 mm-
weight 4702z e +113.4 g 100 g
o .78 oz - ‘ - 226.8 g 250 g
© 16 oz or 1 1b 453.6 g -500:g
2 1b 907.2 g- -1 kg
4 1b ‘ 1.8 kg 2 kg
volume 4 oz - 118.3 mL " 125 mL
: 8 oz + 236.6 mL - . 250 mL
16 o0z R 473.2 mL - . 500 mL
1l gt (32 . 0z2) 946.4 mLi = 1°L
‘2 gt (64 oz) "1.89 L 2 L
1 gal (4 gqt)  3.79'L 4 T
2 gal S 7.57 Lo 8 L

Consequently, if U.Sg*ihdustry#needs metric standards

which are compatible with standards of metric countries, hard

conversion will be necessary.

Few U.S. metric standards eéxist

: Few U.S. standards are based on metric units. ANSI's
bibliography of metric standards lists 16 American Natgional
Standards as metric. However, one large standards writing
organization says that its 5,000 standards show both cus- -
tomary and metric units. These are soft-converted standards.

We have no estimate on the total number of engineering
standards which are being converted. Generally, ‘standards
writing organizations said that the decision to convert a
standard is up to its members and the indicated needs of the
marketplace. As will be discussed in other chapters, some
industries have started projects for converting their stan-
dards. -
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Advantages and dlsadvantages

englneerlng standards are expressed as opportunities. These
opportunities are increased standardization of products or
things, reduced number:of standards, and improved technology
in standards. Most of these opportunities can be attained
without metrication, we; have been told. However, metric

- proponents state that convers1on provides. the 1ncent1ve to

attain them.

Standards writers generally believed that there was ex-
cessive duplication in standards development. However, this
appears to be‘a problem of the voluntary standards develop- .
ment process.in the United States. Because not all stan-
dards are measurement sens1t1ve, we doubt. that metrlcatlon
will resolve this 31tuatlon. it

In our quest1onna1re to the companles llsted in the For-
tune 500, we asked for opinions on several of the frequently
attributed advantages of metrication. Most respondents be-
lieved that conversion provides the opportunity to standardize
products. . However, more dlsagreed than agreed that metrica-
tion provides :an opportunlty to improve the existing stan-
dards which have been developed for products. On whether
metrication will improve technological..advances, most of the
respondents indicated that they did not. belleve it would.

The following table shows the respondents .opinions on the
claimed advantages.

Does not No basis
~'Advantages . .. . _,Agree Dlsagree apply Ato judge

Conversion will pro-
vide an opportunity
to standardize pro-
ducts _ L - 61 ... 18. lée 5

Conversron,will pro-.
vide an -opportunity

. for improving. pro- - . . i N o :
duct standards 36 43 .11 10

Use of the metric
system will facil-

~itate technologlcal : : ; , : -
advances - . . 13 57 - 14 _ 16
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' CosT + TO METRICATE STANDARDS

ard, the U.S. industry had 1nvested $1 million on-the,

In our Fortune 500 questionnaire, we also asked about:.

disadvantages in metrication. One of the frequently attributed

disadvantages cited about metrication: is that: product stand-
ards will:have to be changed--60 percent of the respondents:
to.our: questionnaire agreed with this point. ' Howevetr, 27 per-
cent disagreed and 13 percent responded that they either. had
no bas1s to Judge or the questlon d1d not apply to them.;«

L

Whlle we: could not 1dent1fy the overall cost of convemt-
ing standards, we did obtain some estimates. According to
a report on the development of a'U.S. fetric. fastener:stand~

opment of a new metric engineering standard for fasteners.'“
The: Aerospace Sector Committee:of the- Amerlcan :National Met—
ric:-Council:has estimated ‘thati the:U. S erospace 1ndustry
could- spend ‘about:$29 millien: for: the conversion of some

47000 standards.. 'Also;, we-noted that: the: average.cost . to

develop or revise any.General Services: Administration stand-

-ard ‘'was about $17, 200 and about $6 800, respectlvely, 1n B
_flscal year 1976. < o : i

The ‘type: of conversion is- an 1mportant factor: in ithe

'oost 0f conversion. Soft conversion could involve many:staff-
~ hours’:to replace. the customary valués with equivalent metric

values and to validate..computatiéns,: accordlng to.standards:

~“writers. . Hard ‘conversion would require the developmentiof. a

new:standard. ' :Generally,:hard. convers1on would -sSeem. to be .’
more costly than soft conversion. . ‘ ; R SATEe N

1HA0cordingxto anvANSI,offiCial,«to achieve:-the benefits

of .metrication, U.S. industry:may have to.double or-éven =. .

triple its commitment:of funds ‘and resources for standards. .

. development ‘over the next-l0syears..  In this official’s- . ..

oplnlon,.such a.commitment to. standards:development may:.en=:

ssure thatoconversion:is a- bless1ng rather than a nightmare:

for business and the public alike.  In 1976 ANSI® estlmatedad'

‘that the U:S.: 1ndustry commitment: to standards development .

was more. than $250 m11110n annually S

’VIEWS OF STANDARDS WRITERS

We contacted a° number of ‘nationally recognized stand-
ards .organizations. - Generally, these organizations have.
policies to develop whatever standards are sought by indus-"
try. Their policies may be prov1d1ng some 1mpetus for met-

rication in the United States.
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vnot compatlble w1th those of the rest of the" world

SN ISREAN

ANSI s pollcy is: that a standards wrltlng organlzatlon,
at a mindimum,  should*include. at-least dual dimensions in-its

-+standards and suggests developing metric:standards which are

parallel to. existing customary standards. uThistOSition“is;
based on the beliefithat: U.S. standards must be compatible
with international standards. Further, ANSI believes that the
importance of international trade is- .on“the rise:.and the .
United States may suffer if U.S. products and standards are

Amerrcan Soc1ety for Testlng EL B
and: Materlals Sl ban e Tamomeosen

7'The 8001ety for Testlng and Materlals ist the largest,
voluntary standardlzlng organization.in:the-United States.:

- Its standards:deal.with the" characterlstlcs ‘and- testing of . _
a material, product;- ‘'system, or:service. iFor: -éxample, it pub—

lishes standards.on: spec1f1cat10ns of materials.like steel
and cement:« It-has published:about 5;000. standards- many are
recognlzed as Amer ican National Standards. :

“The Society for Testlng .and Materlals is a: 'proponent of

"1nternatlonal -standardization. :In 1963 it took-a~-leading::

position:by: introducing: SI: metrlc ‘units in- its.standards-along
with the customary units.. :Also; it has:published a metric:
practicerguide- to-assist its technical ‘committees: converSLOns.
This guide~has" been ‘ani approved Amerlcan Natlonal Standard
s1nce 1973 RERES et v w pesy G RE TR

A representatlve from: the Society for Testing and: Mate-
rials-views soft conversion and-dual d1mens1on1ng of standards
as-an:educational exercise’ . The ‘Socliety: for 'Testing and: Ma-
terials hopesito.use dual.dimensioning-only as an intermediate
measure: :As of September:1977, nearly all -of .its 5,000. ‘stan-
dards:include dual unlts, and one:. standard has: been .converted.
(A converted standard is defined as. one which#parallels an:
existing customary standard: ) ~Six. other standards are in.the
process of being converted. The .Society for: ‘Testing-and
Materials did not know how many standards are based on metric
units but was keeping track of converted standards. o LR

The Society for: Testlng and Materials is following a
pollcy of -converting standards when an 1ndustry or. the stan—
dards commlttees want them converted SR .

Amerlcan Socrety of Mechanlcal Englneers

The Amerlcan Soc1ety of Mechanlcal Engineers is a pro-
fessional society with about 70,000 members. It promotes the
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art and: science of mechanical engineering and:related sciences.
It is probably best known for. its Boiler:and Pressure Vessel
Code which has been accepted as law, in part or in whole, by
45 States, -a number of c1t1es, and all prov1nces 1n Canada.

Accordlng to 1ts flrst metrlc pollcy, publlshed in 1970,
the Soc1ety of Mechanical Engineers anticipated displacement

- of the U.S. customary measurement system by the SI'metric

system in many fields.. 1Its policy encouraged the development

by its members of a capability to work in both systems. -In

October:1975:-the policy was revised to state that the:Society
of Mechanical Englneers supports: a coordinated- voluntary na-
tional conversion program and that it will®¢oopérate with:
others in: 1mplement1ng the: policy. Further, the Society: of
Mechanical:- Engineersi.required-all: works to 1nclude metric:
units, but customary units could al&o be used. : wwwﬂ_mw~t

+Iny Apr11 1977 - the Socrety of Mechan1ca1 Englneers amended
rts pollcy to: provide that its codes: and: 'standards be'pub-::
lished in metric units at the approprlate time as determined
by. industry, Government, public, and: society needs’consistent .

with national plans for coordinating-and: managing: development .

of metric standards. An official explained that the previous
policies had placed emphasis on soft conversion of standards.
The 5001ety of Mechanical Engineers found llttle value in: soft
conversion except for education and familiarization because
little or:no change occurs: Soft. convers1ons ‘result in arith-

-meticiexercises, according. to an official. Anyone-" ‘measur ing

a product ‘made to:a soft-converted standard would cohsider:
the product ‘customary rather than-metric: The offlclalhstated
that interest in metrication has tapered off considerably.

.+ Before the 1977 policy change, the Society of Mechanical
Engineers had started soft converting information in:‘its : o
boiler rand pressure vessel code. It had not expected to-com-
plete- this conversion until 1981. The Society of Mechanical
Engrneers ‘was not converting any formulas~in the code, ‘we were
told, . because it doubts- it could be done economlcally i

American Soc1ety of Heating, Refrlgeratlng,

-and A1r condrtlonlng Enqlneers

This- soc1ety, Wthh has about 25 000 members, ‘has: pub—}
lished about-70 testing standards; that is, methods to test
products. In June 1975 it issued the following schedule
promoting soft conversion of its standards:

1. After July 1, 1976, all publications, with the pos-
sible exception of the handbook volumes and special
tabular publications, shall be prepared using SI

TR
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metrici.or dual:units. The sequence of the units. ..
- shall® be left to the dlscretlon of: the author.

;.a2,:;After July l 1977, all publrcatlons shall be pre—u
pared using metrlc units only or metric units first
'followed by U S. customary unlts in parentheses.

3. After July 1 1979 all publlcatlons shall be pre—
: pared u51ng metrlc un1ts only. . :

The Soc1ety of Heatlng, Refrlgeratlng, and Air= condltlonlng
Engineers considered soft conversion as:a:vehicle for. metrlc
education. An official told us :in February:.1978: that this :
schedule;has been.rescinded.:  : Some:strong resistance to the
schedule: had.been voiced by the air= conditioning: systems and
equ1pment group,,partlcularly contractors.: o

“Each.group wathln the Society of Heatlng, Refrlgeratlng,
and Air- -conditioning® Engineers has: responsibility for its-
standards and publications and will determine when to con-t:,

‘vert. Before a standard or publication is printed.using only
;metrlc unlts, 1t must be approved by the Board of D1rectors.

Instltute of Electrlcal and : f ‘1 ~9»af=‘

1EIectronlc Englneers

3 The Instrtute of Electr1cal and Electronlc Englneers

is. a:professional engineering society with: about - 175;000 mem-

bersi :It writes Standards on electronic and: electrical equrp-

~-ment; testing and ratlng methods, and unlts, symbols, and

definitions.

. The:Institute's policynprovides'for“the use of SI metric

units in-its publications and standards. But if.a variation
-18 necessary, the policy requires the units to _ be converted

to metric units.: The Institute prefers hard conversion-but

.recognizes problems with other standards, such as wire sizes,

national wire code; and heavy electrical equipment, which it
does not prepare.

An official p01nted out that the electrical fleld is not
faced with making as many conversions as other engineering
fields because the measurement units-of volt, ampere, and
watt are customary -as well as metric units. The official said
that the electrical field is moving toward greater acceptance
of metric units with modest speed. _
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Underwrlters Laboratorles Incorporated R EL R

Underwrlters Laboratorles purpose is to establlsh maln—

tain, and operate laboratories for the investigation of ma--
terials, devices, products, eguipment, constructions, methods,
and systems with:respect to hazards affecting-life and prop-

.erty. It tests the:quality of items against standards, such

as.its-safety standards for electric heatlng pads, household

'd1shwashers, and 11fe preservers.w“»~

Underwrlters' practlce is to 1nclude SI units: parenthet-
1cally in its standards along with the customary units.
Metric units which dlffer from SI.units-are:still in common. -
usage in foreign countrles, and these un1ts are also llsted
in.some:cases. .. RO T TIENE  CE o :

Underwrlters position;ngtoaberaﬁfollowerfinﬂmetrication
rather than:a leader. It:will: prov1de ‘whatever the market

dictates, Wthh has been its’ policy in: the past, accord1ng to
an off1c1a1 It ant1c1pates no problems w1th converS1on

Soc1ety of Automotlve Englneers

.. The Society of Automotive Engineers, a professional en-
gineers organization, develops technical ‘standards for indus-
tries using internal combustion.engines, such as the motor.

'avehlcle, farm tractor ;- aerospace, and road bu11d1ng 1ndus—-

In 1969 the Society of Automotive'Engineersvissued”a
statement calling for SI metric units to be-used in its stan-
dards -and other technical reports.: Its December 1976 policy
recognized the rapid growth of metric usage, particularly :
in the industries it serves. The Society of:-Automotive Engi-
neers ‘is -working .toward the gradual phaseout of customary . :.
units by 1985. It places importance on ‘increasing compatibi-
lity of U.S. standards with international standards and pro-=
moting wider acceptance of international standards whenever
practical. SRS

Federal Government standards

, In 1971 NBS est1mated that about 40 000 englneerlng stan-
dards used in the United States were 1ssued by the Department
of Defense -and the General Services Administration. ' These -
standards are used primarily in Government procurement. Offi-
cials of these agencies informed us that their agencies intend

- to -follow industries lead in converting and not lead .them-

selves. The officials pointed out that generally their agen-
cies rely on industry for products and are not in the position
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to dictate metric products:and standards. (See chi 22 for °
more detall on Federal agencres and metrlcatlon )

CONCLUSIONS

Metrlcatlon of U S. englneerlng standards is not néeces-
sary to increase standardization, rationalize existing stand-
ards, enable reviews :of existing standards: to' see*which-are:
outmoded and should be eliminated-ot revised,'and improve:
technology. Metrication could cause standards organizations
and: industry: to take-a . more penetrating ‘look than'they other-
wise might, but other events also could" cause these to' occur
under the customary measurement system. L

Metrlc convers1on would requlre an evaluatlon of mea-‘ﬁ

- surement-sensitive standards. In some instances soft con-
- .versions would be made because: it isinot: practiCal to make

d1mens1onal changes to.the items involved. In other: cases,r
new standards ‘would. need to bedeveloped- based: solely-on’
metric termsy. particularly if .U.S. industry wants. .engineer-+

ing standards which are compatlble w1th those used 1n 1nter—
natlonal trade. P : : : :

.Soft.conversion: is considered by some to be: a potent1a1

~waste of resources:because no phy51ca1 change occurs in the’

standard or eventual product. . However, soft -conversion offers
educational : experlence for standards ‘writers by~ famlllarlzlng
them with using metric units in place of the more familiar"
customary units. Standards wr1t1ng organlzatlons tend to
favor: hard conver31ons. : Ce

If compatlbrllty of U S. and 1nternatlonal standards is
requlred for international trade, it appears that adoptlng
the: SI metr.ic system would 1mprove ‘the communications in stand-
ards. 'Also, complete conversion would eliminate the errors

-and ‘the time required to work with two measurement systems.

However:, major U.S. industrial firms said that‘measurement
and-engineering standards are not major factors in 1nter—
national trade.

A few standards in use in the United States have been
converted, and most of the standards organizations we contact-
ed have established policies on use of metric terms. Imple-
mentation of some pollc1es is moving slower than originally
planned because. conversion: 1s not occurrlng as fast as some
groups had expected

The overall costs of convertlng standards are unknown but
expected to be significant--several billions of dollars. The

time required to convert a standard or develop a new standard

varies widely depending on the interest of the participants
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~and the cbmplexity of the standard. Generally, the timé re—

guired to develop a new standard can vary between 2 to 5 years.
Obtaining international agreement could add from 2 to 5 more
years to the process. The time required to convert standards
will have an impact on the conversion period. International
standards could be adopted, but this is not necessarily a
viable alternative. :
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CHAPTER 7

FASTENER INDUSTRY GETS READY

~ The U.S. fastener 1ndustry, which was orlglnally opposed
to metrication, began conversion efforts in 1970 in order to
maintain its markets. Its major customers were beginning to
move toward using the metric system in the late 1960s. -The
achievements and problems of this 1ndustry offer 1ns1ghts ‘to
other industries contemplating conversion and provide an
example of the extent to which the purported benefits of
metrication, such as increased standardization (use of stan—
dards) and rationalization (reductlon of 1tems) may or may
not be realized. ' ok -y

We held dlscus310ns w1th officials of fastener .producing
companies, the Industrial Fastener Instltute, Amerlcan Na-
tional Standards Instltute, Federal agencies, "and manufac-
turers that use fasteners in their products. Pertinent
documents were also reviewed. - e

WHAT IS A FASTENER?

A fastener is anything whiéh‘holds'two'thihgs‘together.
Nuts, bolts, screws, rivets, cotter pinsg, and nails are . .
a few examples. (See following page.) Of these, the Unlted
States produces approximately two million different types.
Fasteners can hold together a vast number of items. For ex-
ample, a telephone is held together with about 70 fasteners..
Jumbo jets contain millions; and for one model, fasteners
costs represent about 10 percent of the plane's total cost.
In short, much of the nearly $2 trillion U.S. economy is
held together by the $2 billion fastener industry.

We concentrated on . threaded fasteners--nuts, bolts, and
screws--because they are more affected by dimension changes.
In these fasteners dimensions are critical, and close toler-
ances must be met. Although generally thought of as a simple
product, threaded fasteners are the result of much engineering
and testing and are important to industry. Yet, most cost
only a few cents. -

THE FASTENER MANUFACTURING INDUSTRY

In 1976 the U.S. fastener manufacturing industry had
about 500 companies with 600 plants and 50,000 employees.
It produced about 250 billion fasteners. The industry pro-
duces about 500,000 different standard fasteners and about
1l to 1.5 mllllon various nonstandard fasteners.
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The,1ndustry has no glants

]ObS. Imported nut
50 percent of the

fasteners. Products made in the Un}
tained customary threaded fastener
vert, an*inCr i@
be used. Ho “the" dec1sionsat”
metrlc-threaded fasteners are made

:n because 1t con51d"
dlmens19ned fa rs to be technolog
to metric-dim ed fasteners. Also,:
developed substantlal experlence and.c}nf.denc
fasteners.l However, 1n the 1 ‘

1ts total market share-by preparlng to meet the a
demand for metrlc fasteners by u.s 1manufacture s

englnes, pumps, and transm1ss1ons.jf s ' 4
cate,: both customary and metric fasteners® may be used p.
ducts for.an extended period of time. ..It has been estlmated
that thlS mlxture w111 contlnue for about 8 to 10 yeajs 1n
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“to 15 percent,vand a thlrd, only a small amount. :

automobiles and' farm and constructlon equipment. - IOne
automobile company used about 60-" to 70 -percent metric fas=-
teners in'its 1978 passenger vehicles. ® Another: used: about 10

N g

ENGINEERING STANDARDS PLAY AN

IMPORTANT ROLE IN METRICATION

excessive numbers of product styles and grades.uu

oy

When off1c1als of the fastener-produc1ng 1ndustry de~-:
cided that fastener: metrication was inevitable,” they: looked
to their standards program as the’ logical place to begin the'
conversion process. Before ‘they could build a metrlc fasten—
er, they had to have a metrlc eng1neer1ng standard '

Eng1neer1ng standards govern, in: part the des1gn, pro-z
duction, and. use of: a 'product. : The:absence of these'stand-
ards would greatly complicate the tasks of the industrial con-
sumer in spec1fy1ng his needs and of the prOducer in meeting
those needs. ' Standards also provide a mearns for improved
communlcatlons in the marketplace and instill a: greater con=
fidence’ by establlshlng product un1form1ty ‘and minimum gqual=:
ity levels. - Standards may: help lower prices by ellmlnatlng

~

i 'Standards:are wrltten by 1nd1v1dual companles, 1ndus-
tries ‘and trade associations, government bodies, hational’
organizations, and:‘international groups. Unless these stan-:
dards are spec1f1ed in a contract, building code, regulation,
or law, no one is compelled to use them.

In the late 19603,'a U.S. eng1neer1ng standard for
metric-fasteners did not exist;’ however, an ‘international:
standard was available. U.S. industry officials claimed that:
this standard contained too many sizes and thread types,: and:
the progression of sizes .did: ‘not follow a logical pattern..

The officials reasoned that, as' long as U.S. industry was.
going to: metricate, it should: attempt to develop a new fastener
system which was as:perfect as possible. .'Also, the. industry
did not want to give -a competitive advantage to foreign .
producers of metric fasteners. It was felt that the foreign
producers would gain an advantage if the U.S. industry merely
accepted the existing 1nternatlonal standard for metric- fasten—

' ers in 1ts ent1rety.

The search for the optimum
metric fastener system .

In 1970 the Industrial Fasteners Institute, a producers'
trade association, conducted a study on an optimum metric
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fastener system. -Its goal was the development. of new . . -
metric-fastener standards which would 31mp11fy fastener. s1zes
and styles,. reduce fastener.costs, result in technical im-...
provements, and . .gain national and 1nternat10na1 acceptance.
The Institute published a report in January 1971 entitled

"A Study To Develop An Optimum Metrlc Fastener System.":w

The report recommended that a new metrlc threaded fas—
tener system be established. . The proposed system offered
significant reduction in fastener sizes and the number of .
thread types. -:In the size range of:l millimeter. to 100 :
millimeter: (about 0.04 ‘to: 4 inches), the existing customary :
and metric engineering :standards showed: 55 and 66 sizes, re-
spectively. The existing standards ‘also provided several
thread types——usually one coarse and one: to five fine--for
each size.::But the. proposed system prov1ded for only 25 -

-sizes and one thread..wsa.

In January 1971 the Industrlal Fasteners Instltute pre-
sented its recommendations to 10 of the largest corporatlons
in the United. States, ‘the: Natlonal Bureau .of -Standards, and
various groups in. Canada.n Accordlng to. the Fasteners In-
stltute, response: was .unanimous in: favor of making a detailed
study. It was decided that ANSI could provide a more proper
forum to conduct -the detailed study because the -input would
be broader ‘based ‘with-users, Government agencies, and pro-
ducers represented. In April 1971 ANSI formed the Special. -
Study: Committee. to- Develop .an Optlmum Fastener System.

The Special Committee was authorlzed to develop a total
system of metric-threaded fasteners, taking advantage of
opportunltles (1) to improve fastener performance: capablllty
through ‘product. redesign and the most efficient use of mate-
rials and (2) to:reduce :the number of different 'sizes, series,
grades;, types,. and styles of fasteners needed to satisfy the
engineering requirementsvof,thegmajoritysof_industrialtapplié

- cations... The Committee's ultimate objective was to design

a metric fastener system which .would be: so attractive tech~
nically and economically that it would become the single

: 1nternatlonally accepted system of threaded fasteners.

" The Special Committee performed the detalled study and
in 1973 published its recommendations. The fastener system 1t
recommended also had 25 sizes with one thread type. The In-
dustrial Fasteners Institute used the Special Committee's
recommendations as the basis for publlshlng its first metric
fastener standard 1n 1974.
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New U S. system does not galn w1de acceptance

A pr1nc1pal goal of the optlmum metrlc fastener system
studies was to provide a 51ngle fastener system for the
majority of industries toﬁuse which would:be accepted inter-
nationally. But before ANSI's:Special Committee. finished ‘its
work, 1nternat10na1 res1stance to- the ‘new system developed

In November 1972,‘5 months before the U S. representa-,
t1ves formally presented their changes to the existing inter~-

.national standards, a paper was prepared by the Internatlonal

Organization for Standardization committee members from
Britain and Germany .entitled: "Why Should the . International
Standards; -Organization System for Metric Fastener Threads.

be Changed?" The paper stated: that the potential costs ~¢»
and confusion that would occur were unwarranted, the techn1cal
advantages were minimal, and the system could hardly be called
"optimum." There were complalnts of. protectlonlsm and every—
one hav1ng to start a11 over agaln. ‘ b L

About the same tlme, the ‘U S aerospace 1ndustry deter-
mined_lt could not use the new- metrlc threaded fastener .sys-—
tem because it needed flne—threaded fasteners and. some addl-
tional sizes. The aerospace . 1ndustry has since developed
its.own system of metric. fasteners. S S

From 1973 to mld 1977, negotlatlons contlnued w1th1n :
ISO. At the close of these negotiations, the U.S. represen-

tatives had. essentially withdrawn their proposed changes to

the international standard . The result is that the: U.S.
metr ic-threaded fastener standard will be essentlally the -
same as the preferred serles in the. ISO standard, wh1ch
contalns 66 sizes in the 1~ mllllmeter to 100—m1111meter
range—-29 first choices, 15.second ch01ces, and 22 third
choices. The U.S. standard will list only 27 of the first
choices. The international standard will still list several
thread types for each size, one coarse and one to five.

fine. The U.S. standard will show only the coarse thread

Strength grades and head size differences

The strength grades for fasteners in the 6- to 18-
millimeter range proved to be a problem during the ISO nego-
tiations. Fasteners in this size range are used extensively
in automobiles and farm equipment. European practice has

been to use international strength grade, 8.8, with a strength

capacity of 116,000 pounds per square inch. The U.S. practice
has been to use the Society of Automotive Engineers grade 5
5 with a strength of 120,000 pounds per square inch. The
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U.Ss. representatlves recommended adopting the next higher -
international grade, 9.8, with a strength of about 130,500
pounds per square 1nch to av01d downgradlng U S. practlces.

R

Accordlng to an Industrlal Fasteners Instltute off1c1al,

‘complete agreement ‘was ‘reached ‘on strength grades at the meet-

ings.  This statement “indicates that the European representa-
tives had acqulesced to U.S. demands and agreed to use a
higher ‘strength .grade fasterier in their ‘products. However,
‘it appears that ‘only ‘the U.S. automotive: ‘industry will use
the ‘higher strength grade. :'The U.'S. farm equipment industry
and Canadian and’ European ‘manufacturers will use the strength
grade ‘8.8 for threaded: fasteners.~’The ‘Canadian® Standards
Association has dautioned ‘Canadian* fastener ‘users’that: the
higher strength grade, 9.8, ‘may not/-be .generally available: -

1'1n the reasonably'near future out51de North Amerlca. %**»xg‘

UGS manufacUurers may face d1ff1culty ‘when the1r pro—"
ducts are repaired overseas.  For example, a grade 9.8 fas-"
tener could be 1nterchanged with a 8.8-strength grade fas-
tener. However, ‘it is possible that ‘failures could occur
because of the ‘insufficient strength, which could lead to
l1ab111ty problems, ‘according to fastener experts.’ If fas- "
teners in the ‘strendth' grade 9.8 -category are not: avallable,
fasteners in the next higher international: strength ‘grade-=- '

~a 10.9 which requires an alloy steel-—would have to be used

as a replacement part.‘;lu_
A major problem arose durlng the attempt to reach agree—

ment on the hexagon head gize for three fasteners. This was

probably the mdst' hotly ‘débated and d1ff1cu1t issue considered

during the 1977 ISO meetlngs.» ‘The schedule below 'shows the

head sizes wanted ‘by the Unlted States, those used 1n Europe,
and those agreed to at the meetlngs. ‘

N " o Hexagon head s1zes R
Fastener - - Wanted by =~ ° - Used in o Compromlse

sizes - the U.S. * " ‘Europe = sizes'
—————————————————————— (1n MillimEters)——==m=——mmmmsm i
10 '1,5', T 16
12 S e e 18
o2 2 a1

" The Optlmum Metrlc Fastener System study had shown that
the head size for a number of fasteners was unnecessarlly
large. Internatlonal standard sizes were w1dely used in Eu-
rope, but the European representatives had in 1975 agreed -

-to reduce the head size 1 millimeter on each of the three

sizes. ' The U.S. representatives agreed to the compromise
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sizes in the earlier: meetlngs» but in 1977 returned to the

wdemand for a smaller head for the lO-mllllmeter fastener s1ze.

The 10—m1111meter s1ze ‘will® be an: 1mportant size in * °
the automobile industry. * The Industrial- Fasteners Instltute
estimated that a l-millimeter reduction in-head 'size would-
save 9,000 tons of steel a year. At $350 a ton, th1s would
result 1n annual sav1ngs of $3 15 mllllon.

: The European representatlves would not approve 1nclus1on

of the 15-millimeter *head-in the 1nternat1onal standard- sys=

tem, but they agreed to- attach an- appendlx “for explanatory

‘and’information purposés, " “The' appendlx ‘stated that ‘the" 15_f‘

milliméter head would be phased out of- ‘production and- use-
but, during an tundefined transition- per10d,_1ts dimension
would be provided in the appendlx to assist: des1gners ‘and
manufacturers ‘and to ass1st 1n malntenance and repalr re-
qu1rements..”’ : o e e
Accordlng to a U. S fastener manufacturer, there 1s no -
provision to‘phase out the 15-millimeter head automatlcally,
and: European representdtives will face an’ 1mposs1ble ‘task
if they attempt to phase it ‘out through formal actiochis in
the near fiuture. -The: official 1nternatlonal ‘standard will
prescribe the‘head sizes for the*10-,:12-, and’ l4-m1111meter
fasteners as 16, 18, and 21 m1111meters, respectlvely. u.s.
industries will probably use these head sizes and the 15-
millimeter size as well. European industries could“continue
using the old sizes, adopt the comprom1se 51zes, .or ‘use a

‘comblnatlon of the two.

Therefore, 1t is- poss1ble that several head:sizes could
be used‘for -these three fastener sizes. Head sizes (like "
strength grades) are an. example of an international standard’
which is: formally ‘agreed’ to on paper but ‘not unlformly ad-
hered to'in practice.

The effect of the standardlzatlon efforts

U. S. 1ndustry off1c1als belleved the new metric fas-
tener system. they proposed was technologlcally better than
the existing metric fastener system. However, international
commercial considerations made it: impossible for the pro-
posed system to gain acceptance. The Eurdpeans felt that
the benefits to be derived from the new system did not jus-
t1fy the expense of maklng the changes._ ‘

Accordlng to an 1ndustry off1c1al the affect of the
international negotlatlons 1s that Amerlcan Natlonal
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Standards can be developed which are compatible with . ..
1nternatlonal standards. Standards writing committees work1ng
with ANSI have begun this work which may be completed by

.1980. The Industrial Fasteners Institute will:revise its

1974 metric standard,,whlch was based on the Optlmum Metric
Fastener System study, to. reflect. .the outcome of the inter--
natlonal negotiations. g : o :

A fastener industry official stated that the use of these
standards is- voluntary. That is, U.S. industry does not have
to use- these standards. Fastener. producers will make any

,type or style of metric. fastener which U. S.»1ndustry requ1res,

we were informed. .. However, ‘the, fastener industry would- prefer
that. the new. metric fastener standard be used because th1s is
how the. beneflts of: convers1on—-standard1zat1on .and. ratlonal—
ization--in products w1ll be reallzed._, O S T

The fastener 1ndustry antlclpates that in the beglnnlng,
of the conversion there would be an increase in the total .
number of different . standard fasteners produced; an increase
from. about 500,000 to about 700 000 standard . 1tems. ‘Even=
tually customary : fasteners would be replaced by metr1c -fas—-.

‘teners, according to a fastener 1ndustry spokesperson., The

industry hopes that by the end of the conversion period, the
total number of different standard . fasteners produced would
be about 300 000. ' : ; TR

METRICAFASTENER DEMAND AND PRODUCTION

Estimating metric fastener needs is difficult, according
to an official of a large U.S. fastener producer. The market
has been very tentative. Except for the automotive market,
there has been little demand for metric. fasteners. ~Producers
and customers interested in converting have awaited the .
outcome of 1nternat10nal negotiations: before produc1ng and
stocking the metric fasteners recommended. by the. Industrlal
Fasteners Institute.

Fastener producers sa1d they generally dia not have any
major problems in making:metric fasteners. Generally, metrlc
toollng, such as drills, taps, rollers, and dies,. are all .
that is required, and these are available. Since tooling -
components have a relatively short llfe, ‘it is not dlfflcult,
to phase in metric: toollng., ,

Several producers told us that when making fasteners
ordered in metric units, they converted the customer's engi-
neering drawings into the equivalent customary units; made
the items, and showed .the metric units on shipping labels.
Most fastener producers we contacted said they will make
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any 'size:fastener ordered--customary or metric-=within the
limits of their equipment as long as they can read the en=
glneerlng draw1ng and make a proflt on the, sale.

: Fastener producers are reluctant to stock metrlc fas—_
teners_unless demand- is certain.: An,offlclal of:-one-com= - i~

~pany told us-that he had stuck his:neck out and stocked

six metric sizes in 24 lengths. - The stock included five
lengths.of the 6.3-millimeter fastener which was one of :the
U.S.-proposed;sizes-that did not:.gain international accep--
tance. This size was being used by a'major automobile
manufacturer in its 1977 .and 1978 models. : However; :the-
automoblle manufacturer has dropped it for future models.

MISMATCHING. CUSTOMARY AND METRIC. 'j” rffM;; e b
FASTENERS MAY. CAUSE_PROBLEMS .3@~; e

.‘,..
i,

As manufacturers begln to convert from customary to.

4metrlc fasteners, -a number of problems are. ant1c1pated., The

more serious problems are expected in-.the repair-and mainten-
ance -areas, primarily because of 1dent1f1cat10n problems lead-

~'ing to mismatching customary:-and metric fasteners. - Identi-'

f1catlon problems are not new; ‘and some steps have been
suggested to overcome them.:. . . G e

As manufacturers convert both customary and metrlc
fasteners may be used in a product It has been estlmated
that this mixture will continue: for .about 8 to. 10 years ‘for
automoblles and farm and construction equ1pment..d-~ r

Orlglnal equlpment manufacturer s have few problems :
differentiating between customary and metric fasteners, but.
persons who repair equipment have more problems. :Fastener:
installations by the original equipment manufacturers are
done under relatively ideal .conditions.: - However, when main-
tenance is performed, fasteners are often.installed under
conditions where they are not easily identifiable; and hand -
tools are less sophisticated, such as those used by an in- -
dividual repairing an automobile at home.

Some steps have been suggested to overcome the 1dent1f-

~ication problems, such -as color dyeing the metric. fastener,

putting an "M" symbol on it, or placing a distinguishable
mark -on it showing: its strength levels. Use of-a distin-
guishable mark showing strength levels is probably better
because the color dye is generally not:distinguishable after -
use and an "M" .could be confused with a manufacturer's trade
symbol. Also, .the head markings, which indicate strength,
are different for customary and metric fasteners. For
example, -a customary fastener with a tensile strength of.
120,000 pounds per square inch has 3 radlal lines stamped
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on its head, but a metric’ fastener with a tensile strength
of 116,000 pounds per square 1nch 1s stamped 8 8.

It is v1rtually 1mposs1ble to v1sually 1dent1fy some
sizes Of customary-threaded fasteners from similar=size met-
ric fasteners. It is possible to mismatch 36 combinations
of customary- and metric-threaded fasteners. The'result could
be either stripping during assembly or full assembly with
25~ to 60-percent -loss in" load’capac1ty. Thus, the’ accidental
mismatch- of fasteners could result in fastener fallures.

OVERALL CONVERSION COSTS ARE NOT KNOWN

An overall cost estlmate was not avallable on what it
would cost the fastener industry to metricate. .We were told
that the actual costs were proving to be much less than the
originally anticipated figure of $2 billion. One major.
producer of automotive fasteners, however, ‘estimated a 7- to
8-percent. increase in costs due mainly to the need to increase
inventories (customary and metric) and the shorter production
runs which would résult.  Another estimated its cost to be
$1.6 million over 5 years as follows: 60 percent for in-
creases in inventory, 30 percent for nonconsumable tooling,
and 10 percent for employee training.’ One user reported
that metric fasteners cost an addltlonal $8 per thousand
fasteners. :

: s

Theére is general agreement that new productlon equlpment
will not have to be purchased for metrication of fasteners
because the existing machinery can accommodate metric tool-
ing. The tooling--customary or metric--which shapes the
fasteners is ‘part of the normal productlon costs because 1t
wears out durlng productlon.

- Some companies stated that metric conversion costs esti-
mates are overstated and that actual costs of converting are
much less than estimated costs. Others have stated that there
should be no cost dlfferentlal for metric products.

WILL CONVERSION MEAN MORE IMPORTS?

Imports of fasteners have 1ncreased s1gn1f1cantly durlng
recent years. In 1971 when the optimum metric fastener study
began,.the Department of Commerce éstimated that with a con-
version, imports could continue to increase. The 1ndustry,-
however, was more concerned that imports could increase
dramatically if U.S. industry converted and they did not.
Also, it was believed that imports would be less if U.S.
industries adopted the proposed optimum system ‘rather than
the international system. In January 1977 imports accounted
for about 17 percent of the total U.S. fastener market. For
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nuts, bolts, and cap screws, imports amount ‘to about 50 pere
cent of the U.S. market. ' 'Fastener exports represent about
7 percent of productlon.

Industry officials hoped to reduce further losses of
their markets, but some feared ‘metrication and international
use- of ‘the U.S. metric- fastener standards will: ‘allow forelgn
manufacturers to ‘further 1ncrease their sales 'in the United
States+ ' One manufacturer told us that instead of the’ forelgn
producers having to maintain’dual inventories, the burden may
have shifted to the United States.

Increased 1mports of fasteners may not be a concern to
large industrial firms who use fasteners. We asked firms
listed in the Fortune 500 Industrialists (see ch. 5) whether
they would expect any change in the importation of fasteners
and/or other components for their company's products if their
companies converted to the metric system. About 83 percent
of the respondents said they anticipated no change in imports
if they converted. Also, of 17 motor vehicle industry re-

,spondents, 16, or 94 percent, replied that they expected

no increase in 1mports if they converted.

CONCLUSIONS

The Fastener Industry's experiences show that 1ncreased
standardlzatlon and rationalization benefits attributed to

‘metrication are not easily attalned.' After 7 years .of
- efforts, the industry was unable to convince U.S. industries

and ISO members to accept the new U.S. metric fastener sys-
tem. Therefore, U.S. representatives to ISO decided to adopt
only a portion of the ISO metric fastener standard, and
complete international standardization was not achieved.

‘It is too early to predict whether rationalization in
fasteners will occur. The acceptance of the new system is
voluntary and no industry is compelled to accept.it. The

- proposed U.S. metric fastener system offers fewer sizes and

thread types than the existing international metric standard,
but it is the fastener users and not the producers who dic-
tate the number of sizes and styles produced. Thus, if
rationalization is to be achieved, fastener users will have
to adhere to the proposed system. ' ‘

The demand for metric fasteners is very tentative, with
the automotive industry buylng most of metric fasteners. Pro-
ducing metric fasteners is not a major problem for the U.S.
fastener industry. Generally, the industry anticipates some
increased costs in conversion, but no overall cost estimate
has been made. ' Identification and differentiation of certain
metric and customary fasteners are likely to create problems
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during repair and maintenance of products. . But some solutions
to these problems are being proposed.w._s,‘w L e

RECOMMENDATION TO THE CHAIRMAN, U.S. METRIC BOARD

_ Under the current national policy, we recommend that U.S.
industries interested in conversion be informed of the U. S.
fastener industry's progress and problems in .its attempts, A
to .achieve (1) adoption of its proposals :for -international

~ standards and (2) increased standardization and rationaliza—
tion. P . L

7-13

T TR IR T T S T T T T i e e

SRR e



5 (IR

CHAPTER 8

MACHINE TOOLS ARE ADAPTABLE

The 1mportance of machlne tools L
Machlne tools are adaptable

The manufacturers of machlne tools
. Metric activity
Inventories
Training
Exports and imports
Advantages and dlsadvantages'

_Toollng for machlne tools!‘

Conclu51ons

P 6 (i

L1l

T

B S

G




1

UL N

L [

LA |11 0 I N O L NS | Sl o L

CHAPTER 8

MACHINE TOOLS ARE ADAPTABLE

- We discussed metric conversion with industry associa-
tions and selected manufacturers. They indicated that it * '
would entail some increased costs but would also produce
some benefits. The change would not create much’ difficulty -
for the machine tool manufacturers nor for the machine users.
Most. existing machines, if not already modified; can usually
be modified at relatively little cost to produce:in either

-metric or customary units.

THE -IMPORTANCE OF MACHINE TOOLS

"Virtually every segment of the economy, particularly
manufacturing, either uses machine tools or relies on some
product(s) produced on a machine tool. The machine tool
industry is considered a basic industry. RIS

The National Machine Tool Builders' Association has de-
fined a machine tool as

"a power driven machine, not portable by hand, used
to shape or form metal by cutting, impact, pressure,
electrical techniques, or a combination of these
‘processes." ' :

Lathes, drill presses, and punch presses are examples of
machine tools. Machine tools can range in size from a few
feet to over 90 feet long. Prices will typically range from
$10,000 to $3 to $4 million. Machine tools are produced in
small lots of 5 to 100 at a time or, in many cases, are built
on a special order basis (one of a kind).

Machine tools have a long design life; they tend to be
revolutionary, not evolutionary, in design. Therefore, a
design may be around for 20 to 30 years without undergoing
major changes. The machine itself has a long life, up to 75
years in some cases. It is important then, that the parts.
used in the machine be standard-type parts that will be avail-
able for a long time. For example, the standards for metric
fasteners have not yet been finalized in this country. If
a manufacturer selects a metric fastener today, he may have
to supply a part for the next 20 to 75 years that may not be
in accordance with the accepted standards.

MACHINE TOOLS ARE ADAPTABLE

There is a distinction between a metric machine tool and
a machine tool with metric capability. A machine tool with

8-1
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metric capability can produce a product in metric :units-
irrespective of whether its parts--screws, ‘bolts, nuts, etc.
-—-are metric or customary. Conversely, a metric-machine tool
is built with metric parts irrespective of whether 1ts pro—
duct1on capab111ty 1s metr1c or. customary. i

If metric parts are to be used in manufacturlng machlne
tools, it will usually be when a new machine is being devel-
oped. Changing existing designs from customary to metric is
considered to be an unnecessary expense.

The users of machine  tools are concerned about the im-
pact conversion will have on their bu51nesses.u The National
Tool, Die & Precision Machining: Association--whose members
use mach1ne ‘tools~-has-conducted two similar surveys concern-
ing metrication. The first survey was conducted in 1974; the
second; in 1977.. The respondents'!: main concerns about metri-
cation were employee tra1n1ng -and machine toel conversions,::

‘The respondents were especially concerned- about how a- machlne

tool could be converted and what conversion would cost.

The opt1ons for convertlng machlne tools from customary
to metric -capability or to dual capablllty can range from
simply replac1ng the scales on the measuring devices to com-
pletely replacing the feed mechanisms and measuring devices.
However, the latter case is. rarely required., Many conver-. -
sion kits are available for various machine tools. The
key is that a machine tool is adaptable to produce in: any
measurement system. , S T B . .

The conver51on process is commonly coupled w1th an:: over-
haul or a general upgradlng of the machine. When the machine
is being overhauled, it is commonly upgraded by addlng new
features, one of which is numerical control. ’ -

' Numerical control is the term:used to descrlbe a system
which electronically controls' a machine's feed mechanism: and
provides digital readouts. In recent years -this feature ‘has
become more -common on new mach1ne ‘tools.  The conversion of
numerically controlled machine tools to metric. capab111ty 1s
simply a matter of- changing the machine's" programing. -~ The
newer numerically controlled machine tools ~generally have the
necessary electronics built into them so that either customary
or metric capability can be\selected by fl1pp1ng a- sw1tch
to the desired mode. :

Installing dual reading scales, gauges;landvdials=is

less expensive than adding numerically controlled equipment.

In most cases, installation is. relatively simple and can-

‘be performed by the machinist or toolmaker. However, readlng

dual measuring devices tends to increase the potential for-
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error.: . Metric-only scales’ av01d this possibility, ‘but: their .

use is presently limited in this country because most orders

for products produced on machlne tools are 1n customary unlts.

The Natlonal Tool Die & Prec1s1on Machlnlng Assoc1a-‘”
tion's 1974 survey results showed that the types of conver-
sion’ opt1ons being used or ant1c1pated by the respondents
were in descend1ng order., : o :

Convers1on‘opt10ns S Percent
Dual-reading d1als, scales, and gauges 237 i
‘Digital readouts = : -3l
Dual dimensioning on prlnts only ‘- 719
Metr1c only d1als, scales, and gauges i l3<

‘.The Assoc1at10n S 1977 survey results showed that 51
percent of those respond1ng -have some ‘of their machine: tools

equipped- for metrics: * Four percent have metric capability on

all or most of their machine tools. When ‘purchasing ‘their
most recent machine tools, nearly 40 percent of the respond-
ents have been spec1fy1ng metric- capablllty, and 66 percent
reported that future machlne tool purchases w1ll have full
metrlc opt1ons. : - . :

THE MANUFACTURERS OF MACHINE TOOLS

The companles comprls1ng the machine tool 1ndustry are’
mostly small businesses with sales in the $1 million to '$10-
million range. A machine tool company normally produces a
narrow:range of products, spec1allz1ng 1n certaln types of

fmachlne tools.“

Metrlc act1v1ty

“The status of. metrlcatlon in the machlne tool 1ndustry
is m1xed. Some . compan1es are designing new products in: hard
metric; others are' saying that metrication is not going to:
happen. -~ For years the industry has been exporting machine
tools that ‘produce in metrics but are essentially: customary
in: de51gn :and construction.  Before the design and construc-
tion of machine tools with metric parts will occur, there

- will need to be more pressure from the industry's customers.

According to officials of those companies making metric ma- -
chines, they are not doing so because of immediate savings;
they are converting because they view themselves as leaders

in their industry. They intend to project that image by being

one of the first to be involved with metrics. They also feél

that conversion'is 1nev1table, and consequently, any addltlon—

al costs now will pay off in' the long run by glVlng them' a
lead on their competitors.: a :
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Inventories

‘Because mach1ne ‘tool companies often supply repair parts
to their customers over’ the life of a machine and some ma-
chines .have lasted as long as 75 years, they will need a dual
1nventory for a long perlod 1f metr1cat10n occurs. N

‘ However, an-official- of one firm told us that ‘as long
as the entire 1ndustry converts at about the same- timej dual

inventories ‘should not be a problem to a machine tool companyl

from a cost. standpo1nt." The additional costs would be a“ com-
mon phenomena throughout theé‘industry and therefore could ‘be
passed -on ‘to the customer without the c¢ompany losing its com-
petitive advantage.

'Training

Little employee tra1n1ng has occurred in’ the metrlc
system, although many have ‘been exposed toit. Tra1n1ng is
not considered to be a difficult problem. Generally, it is’
agreed that some training is needed with attention given to
teaching what the employee needs for use on the job. . L.

Exports"and*imports\

R Convertlng to the metric ‘system is not con51dered ‘to:
have much effect on exports or 'imports. The governing fac-‘

‘tors for select1ng a machine are such thlngs as quallty,_c
?pr1ce, and capablllty of the machlne.

;Advantages and dlsadvantages

Whether ‘the advantages of .conversion outwelgh the costs

'for ‘the 1ndustry cannot’ be-readily determined. According -

to an Association official, the main advantages to: metrlca—
tion would be the ellmlnatlon of fractions and the ease of
communication. The elimination .of fractions would be‘only
a slight advantage because much of the industry already uses
a decimalized inch. A company official told us that conver-
sion would make it easier for companies to communicate with
foreign- customers ‘about design’features and/or englneerlng

‘problems. The potential for uniformity throughout a company

with overseas operations would provide it with greater design
and production flexibility.

The disadvantage most frequently'mentioned is the cost

of conversion; however, we were not able to obtain any esti-

mates of the industry's conversion costs. But, according to
an Association official, if the conversion process is well
thought out and conversion is made over a period of time, it
will not be cost prohibitive to the machine tool industry.

8-4
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TOOLING FOR MACHINE TOOLS

, The toollng——drllls, taps, reamers, milling cutters,
abra51ves, etc.,—~shapes ‘the end products. produced on a ma-
chine tool. A company official. told us that obtalnlng tool-
ing for metric operations- .should not be any more. difficult

- than obtaining tooling requlred for customary operations and

that costs -of common metric items are now approaching. those
for comparable customary items. . Because the- tooling .compon-
ents have. a relatively short life, it is not difficult. to.

' phase in metrlc tooling. Those who will :be, produc1ng to both

customary and metric . spec1f1cat10ns will f1nd it necessary to
have a method of identifying. customary and metrlc tools.,a-m

Some metric toollng in this country, such as taps and
drills, are not made completely metric because they would .not
be interchangeable in the customary chucks and holders used”
here. What counts is.that the "working" part.is metric; con-
verting the machines to accept a "100 percent". metric tap or.
drill would be both expen51ve and needless at th1s t1me.

CONCLUSIONS

Machine tools can produce the same quallty of products:
in either the customary or metric system. Most machine tools
can be easily converted to produce in either customary or met-
ric units. 1rrespect1ve of whether . thelr parts .are customary or

~.metric. Therefore, the firms using machine tools.should have
- little trouble in converting once, thelr operators are tralned

and become familiar with the metric system.

‘Those who are designing machines“with'metric‘parts”at
this time appear to ‘be doing.so because they believe.conver-
sion.is inevitable and they intend .to be among the leaders in
metrlcatlon. SR ; I T T R :

. To keep the economic 1mpact to a m1n1mum, the machlne
tool 1ndustry would prefer to convert, to the. productlon of
metric designed machines over a relatively.long period of.
time in.accordance with normal replacement cycles.* However,
the industry is dependent on: meeting its customers' demands
and will convert over. a shorter perlod if the demand is there,
but at a greater cost. P e
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~ CHAPTER 9

WEIGHING CONVERSION OF THE SCALE INDUSTRY

Although the scale industry is. relatlvely small, its
products are highly visible and important in any attempt to
change the system of weights and measures used .in the United
States. .Probably no other equlpment is- used as broadly as

~scales; almost every product is weighed many times as. it moves

from the raw mater1a1 state to flnlshed form.

The scale manufacturers we contacted d1d -not anticipate
an increase in domestlc sales or service as a result of met-
ric conversion because they believed customary scales would
be phased out through normal attrition or not at all under
a voluntary program. U.S. conversion would have 11tt1e, if.
any, effect on scale exports.

Adapting some customary scales 1n use to read 1n metrlc
would not be difficult or expensive, but some costs and .man-
power would be involved. For other scales in- use, conversion
would be costly and, in some cases, not economlcally feas1ble.

The scale manufacturers d1d not cons1der manufacturlng
scales that read in metric but have customary size parts.to
be a problem. Metrication of engineering and productlon
equipment to produce scales with metric-size parts could be .
very expensive and would offer no benefits except for some
possible standardization and reductlon in the number of scale
parts.

The manufacturers' customers would bear the costs of
replac1ng customary with metric scales and converting scales
in use without rece1v1ng any apparent benefits. The costs of
metricating englneerlng and production equlpment would also -
be passed on in the form of higher scale prices.

If a decision is made to convert scales, an effective
conversion program for the millions of scales in use, par-
t1cu1ar1y with respect to retail scales, would probably re-
quire some type of mandatory conversion with timetables. 1In
the absence of such a requirement, retail scales may never be
converted because retailers have no economic incentive to con-
vert them. 1In the United Klngdom, Australia, and other coun-
tries that have been involved in conversion, it was necessary
to require the conversion by enacting needed legislation. 1In
some cases financial 1ncent1ves were provided.
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THE SCALE INDUSTRY

Mlll1ons of" scales are:. used ins the Unlted States, such
asin#stores, ~factories,processing plants, transportation::
and storage facilities, farms; offices; and-homes.. Thé- types

rofiscales:by -function- include-household; baby, pérson weigh=

ingypostal; retail store, industrial; truck, etc. Many dif-
ferent scale designs are in use. :: They may*be:simple balance
or sophisticated, .automated, and electronic devices. 1In many
industries and commercial enterprises, scales have ‘become: the
means for automatic control of the processing and handllng of
materials and, in some cases, .the ‘means.of controllingian au-

- tomated:«.factory. . The mostsvisible- to the publlc are postal
and reta1l store scales.:ﬂ EER S E LU . RRON SR

In 1975, there ‘were . 92 scale manufacturers employlng about

a;é 500 ‘people, of which 4,000 were: productlon workers.: The

latest available. estlmate of industry sales:-was/for 1975 when
domestic sales were about.$126 million and: exportslwere about

'$11 million. ‘Canada, which has no: ‘retail scale manufacturing

1ndustry, 1s the largest s1ngle 1mporter of U S scales.n-

Metr1cat10n of scales would 1nvolve two levels of ac—?-
tivity: the manufacturlng level and the field or user level,
Scalés used in commerce ‘to-determine: welghts of items for sale
are .regulated by law. rThis frequently involves'the ‘inspection
and.testing of “the devices as well ‘as the quantities of ‘the

- commodities. Metric conversion-at. both levels would be great4

ly affected by how government regulatlons are converted

v We dlscussed metrlcatlon w1th representatlves of several
small and large manufacturers and the Scale Manufacturers As-
sociation. . We also discussed it with State weight and measure
organlzatlons, the National Conference on Weights: and ‘Mea~ -
sures, and large retail food stores. Discussions were held
with theé National Scale ‘Men's Association; American National
Metric Council's Weights : and ‘Measures Sector Committee, and.
Federal . and Canadlan off1c1als. Pertinent documents were also
reviewed.. . R : T

In exam1n1ng metrlcatlon of the scale 1ndustry, it is
essential to make a distinction between produc1ng scales that
read in metric terms and metricating” englneer1ng rand plant
equ1pment for - the des1gn and productlon of scales w1th metric

STATUS OF METRIC CONVERSION -

None of the scale manufacturers we contacted had plans
to convert to a predom1nant use of the metric system. Produc-
tion of scales ‘that read in metric and conversion of existing

9-2
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scales will be undertaken when requested by ‘customers.. -
State weights and measures- departments had no plans to change
their laws-and regulations to.require the sole use of the
metric:system”in commercial:weighing.  Their-metric testing:

~capability . will be increased .if.a greater number of metric~ -

reading scales are 'in use. Few customers of the scale indus-

~try have expressed an interest in buylng metrlc scales Or: con-

vertlng their . ex1st1ng scales. .

;Manufacturers

All the scale manufacturers had produced some metr1c-=»
readlng scales .for the domestic market oriexport. .. Some scales
have the capab111ty to be read in both:metric and customarys
The des1gn, englneerlng, and production of these scales, how-

L ever,iwere: performed in the customary. .system. : Metric scales’

are. generally used in:scientific and.research laboratories . -and
to.some ‘extent in:U.S. 1ndustry.h Some . physicians, ‘also use-

people—welghlng scales that give:weights in metric: One: scale

manufacturer was producing a "think metric". scale with'a dlal
showing :both. the metric and customary welght. .Customary ‘
scales, however, are predomlnantly 1n use in the Unlted
States. : : ; , ; v

None of the flrms we. contacted had plans to c¢onvert to

'1the metric system in terms of scale indicators or .design.

Representatlves of a large multinational: manufacturer said .

‘that the firm has a long-term commitment to convert its- opera-

tions to metric, but any plans to-metricate would ‘have to be
economically justified to the parent company. Some kits

‘(pacts, etc.) . needed to convert scales to: read in metric are
.ava1lable.wc Ty Lo L , ‘ SO

vIndustry assoc1at1ons

The Scale Manufacturers Assoc1at10n is a nonproflt or—u'
ganlzat1on established in 1945 :to provide for coordinating
the: efforts of owners and users of sc¢ales and scale manufac-
turers. Twenty-two of the 92 scale manufacturers are members
of the Assoc1at10n and account for about 75 percent of total
1ndustry productlon.~_ : : S : Lo

The Assoc1atlon prov1ded data for the 1971 Natlonal
Bureau of Standards metric study and -had a metric committee
until recently. It supports U.S. conversion, but, at the time

of our study, was relatively inactive with regard to metrication.

It was serving as the secretariat of ‘the ANMC Weights and Mea-
sures Comm1ttee. .

The Natlonal Scale Men s Assoc1at10n is a nonproflt organ-
ization of more than 1,300 manufacturers, dealers, users,. -
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EXAMPLE OF A SCALE WITH BOTH METRIC AND CUSTOMARY CAPABILITY
PHOTOGRAPHS COURTESY OF THE SCALE MANUFACTURERS ASSOCIATION -
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: Cad g cnment. respol Y
Government pr‘ des e physical’s’ ndards on’ wh1ch all

.weights and measures are based. The United States is the only

technologically advanced Nation in the world with weights and
measures . regulatory programs leglslated -and.administered at
the State and local level. There are-about 775 State and
local jurlsdlctlons that have regulatory authorlty;for the
enforcement of welghts and measures laws and regulatlons.

In our questlonnalre to State governments Qsee‘ch 23),
we asked whether: the use of metr1c readlng sqales for weigh-
ing consumer goods was legal” 1n the States. Forty-two States
responded as follow3°' : v ; o

~Yes,Aw1th no restrlctlons fiﬁ,' ,l fzs;

grYes,kafter obta1n1ng State}_ﬂ,

'

' author1zat1on .
Yes, with ¢e‘rtaln-"féfé‘triét.iOhéI 1
: hl} ,llTotal: mé2'[

Thus, scale conver51on would requlre changes in the laws of

at least 11 States. 1In addltlon, the technical specifications
and tolerances governing ‘scales in all States are generally
expressed in customary terms. Although this alone does not
preclude the use of metric-reading scales, it makes it more
difficult, and it is understood that . the laws and regqulations

9-5
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of all the States would have to be converted if metrlcatlon
is to take place.wv » ; S Sy :

+:One State was:‘in the last staqes of developlng a: metrlc
code for regulating scales.  The new metric code would be
used simultaneously with the”customary,code until customary-
reading ‘scales are phased out. Nearly all the other States
are wa1t1ng for development and. approval by the Natlonal Con-
ference on Weights ‘and Measures of a metric Handbook 44.: The

‘National Conference's Handbook 44, "Specifications,’ Toler—

ances, and Other Technical Requrrements for Commercial: Welgh~
ing and Measuring Devices,"” is-a voluntary model code that is
used widely by the States 1n the formulatlon of the1r own, S

codes.

The National Conference on Weights and Measures is an
organlzatlon of State and local weights and measures -officials
formed in 1905 to develop model: welghts and measures laws and
regulations, of which Handbook: 44 is one. It is sponsored
by the NBS Offlce of Welghts and Measures whlch acts as secre-
tarlat. . v S x

The Natlonal Conference created a Metric Plannlng Com~-
mittee .in 1973 to assist State and local officials and indus-
try representatives. The purpose of the Committee was to de-
velop guidelines for the proper use of the International System
of Units in the marketplace. Standing committees of the con-
ference were -asked to review their publications for the purpose
of ‘eliminating ‘any obstacles to use of the metric.-system. .
These publlcatlons include: model State laws, regulations, and
handbooks governing weights and measures devices and practices,
and have been or are being revised to provide for the use of
metric measurements and to set forth requirements if the metric

-system is used. - The most important of these to the scale
manufacturers and welghlng regulatory officials, Handbook 44,

has not been metrlcated

- The National Conference had called for the development
of a hard conversion of Handbook 44 to be completed by 1979,
but later decided to drop the target date for its completion.
An official told us that the date was unrealistic and had
been adopted only to effect a serious attitude toward metri-
cation ‘to the scale industry and State and local weights and
measures officials. The NBS Office of Weights and Measures
is working on conversion of the handbook to remove restraints
on the use of metric units. Office of Weights and Méasures
officials anticipated that an approved metric Handbook 44
would be used concurrently with the present customary edition
for some time. The National Conference has not made & deci-
sion on whether the metric handbook would be a separate docu-
ment or combined with the customary edition. '
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"Metrication of scales used in commerce would also re-
quire that State and local government weights and; measures
officials have the training and equipment to test and approve
metric-reading scales., 1In 1965 the Congress .appropriated
funds for new State welghts and measures standards.. The
lnstruments, both customary ‘and metrlc.- Although,the States
may have adequate metric.capability:in their laboratories,. the
capability (expertise and equipment) for field testing of
scales varied widely. One State official told us: that.the
State has full field testing capability. .An official of .
another State indicatedqthat.the‘Stateyhad:no!metrjc,ﬁield];;
testing capability and no current need. ' Because few metric-
reading scales were in use, the States generally did not need
metrlc capablllty.

. THE SCALE INDUSTRY ANTICIPATES NEITHER AN.
"INCREASE IN DOMESTIC SALES NOR EXPORTS

AS A RESULT OF METRIC CONVERSION

The p0551b111ty that the scale lndustry would beneflt
from metric conversion due to a resultant increase in sales
and service was disputed by industry representatives. ' The
industry probably would increase domestic sales if conversion
of scales is made mandatory within a short transition period.
Otherwise, metric scales, if purchased, would be purchased .as
0ld customary scales are normally replaced and conversion

~kits-and services to adapt existingrscalesfwouldznot be,need;

ed. Electronic computing scales that have dual capability or
are rather easily converted are coming into greater use. - They
are expected to be. prevalent within the next. 10 years.~

Although scale manufacturers generally con51dered metr1c
conversion to be inevitable, spokespersons: for two.of the larg-
est manufacturers told us that conversion is not imminent, .and
retail food scales may never be voluntarlly converted to met+
ric because retailers have no economic incentive and thus lit-
tle interest in convertlng them. It is possible that retail
scales will be designed in metric and built with metrlc parts
but read in customary welght

In Canada weights and measures laws, which are. under the
authorlty of the Canadian Government,. will be.changed to.re-.
guire conversion. The conversion of retall food scales w1ll
be subject to special tax measures which will relieve some of
the financial burden on the retail food industry. The import
duty and Federal sales taxes on conversion kit parts will be
exempted For income tax purposes, the conversion costs can
be expensed in the year they are 1ncurred
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.New metric .retail food scales to replace existing .custo-
mary ‘scales are subject to half the normal; Federal sales tax
rate and can be written off in the year they are purchased
Canada had no experience with-this program-at:the time of
our . study because the conversion: program for scales had not
begun.. LT o , _ PSRN pne b :

The scale manufacturers ant1c1pated no 1ncrease in

vthelr exports because of U.S. ;conversion. . The system of:

measurement - has llttle,.lf anyy. impact on -€xports except -that
the. scale must ‘usually: read -in<the measurement system:of .the
impor t1ng country,;"C(stomary scale parts -and fasteners. are.
nelther a restriction on sales abroad nor:a problem to for—-

.eign: customers\because maintenance.and service are-usually :
ﬁfperformed by the- manufacturer., A change inthe readout.is -

a minor adjustment. Quality, prlce, and trade- ‘barriers;: such

as import tariffs, were the important factors in 1nternat10nal_

trade of scales. Metric «countries" export scales that read in
customary to . the; Unlted States L ; C COL T s

Except for the readouts, scales produced for forelgn
markets, with the except1on of those for West Germany, are
the same as those produced for the:U.S. market.: West Germany-
has certain design requirements that make it necessary to
produce. different :scales. . According -to 1ndustry :representa-
tives, -these standards. can easily:be met.. The real: problem
1nvolves the1r lengthy prototype approval system.;_ N

J,METRIC CONVERSION AT THE MANUFACTURING LEVEL

Metr1c convers1on at the manufacturlng level 1nvolves two

Jdlstlnct degrees of act1v1ty. .The first and simplest is the

productlon of scales that. read .in the metric system. The sec-
ond is the metrication of eng1neer1ng and plant equlpment to
produce metrlc—51ze scale parts. .o . RSt

. . The scale manufacturers d1d not -consider producing scales
with metric 1nd1cators to. be much of .a. problem; however,  some
costs would be involved. They already -have produced some"
scales that read in. metrlc, primarily. for export. It may - be

. necessaryy . however, to redesign the welghlng elements, such

as levers, springs, and load cells, in some types of scalesi:
The computlng ‘scales for retail food and postal weighing may
also require some redes1gn.ﬂ ‘Such problems are. ;expected: to
decrease because the: trend in the industry is to manufacture
electronic digital scales.. ‘Many of these will probably have
dual (both customary and metric) capability. However, the
full impact of producing metric-reading scales will not be
known until the State and local government laws and regula-
tlons governlng commerc1al welghlng are metrlcated During a
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trans1t10n period, there.may be- auproblem w1th dualflnven-
torles of welght 1ndlcators. : Gt A ; g

Changlng plant equlpment to produce metrlc—51ze scale
parts could_.be costly. ' Arepresentative of ‘a’small: scale'»'
manufacturer estimated that such a conversion would cost at”
least $500,000 and would force the firm out of business. A
representative of ‘a large manufacturer said his flrm ‘could
absorb the costs if .carried out over a 15+ to 20-year' perlod

IMalntalnlng dual inventories of. %cale ‘parts ‘and des1gn draw-

ings would:be another cost.:' ‘Partsand " «drawings “are gener-
ally maintained.for ‘15 years afteér production. Soéme’ cos i
would be incurred: by .changing 1nternal operations, Such a's -
orderlng ‘accounting, and- adm1n1strat1on.'“Technlcal publ1cat10ns
and ‘advertising materialvalso wot be affected Some '

Few beneflts were ant1c1pated from metrlcatlon of eng1—
neerlng ‘and productlon equipmerit. Some ‘standardization and "
the reduction in the number of scale parts may result. This
would be advantageous ‘to - the 1ndusbry and 1ts customers.‘

METRIC CONVERSION AT THE USER LEVEL _‘”‘::'7£ ”f ‘ﬁfV

Conver51on of scales at the user level ‘could 1nvolve :
one of two basic ‘approaches: The first would be ‘a ‘phase=in
of metric-reading scales as customary scales wear out, be=:
come obsolete, or the owner wishes to upgrade scale capabil-
1ty. The second -approach would be'™to force adaption of 'scales
in use to read in metr1c, or, if not fea51ble, to replace them
with metric scales. - All future:scales would be those readlng
in metric. (If scale ‘conversion takes ‘place, ‘consumer ‘scales,
such as bathroom scales, in use probably would not be adapted
to metric but would ‘be replaced with‘métric scales when they
wear out or the owner wishes to purchase a new scale.) -

- The major' drawbacks of the first' ‘approach would be that
complete conversion could ‘take many ‘years-and both Customary-
and metric-reading -scales may exist s1de by side. . This could
lead to confusion in the marketplace. Consumers may avoid
purchases at.retail stores that have metric-reading '‘scales and
thus give the competltlve -advantage to those who do noét" con—
vert.  ‘Thisapproach, however, would be s1gn1f1cantly less "
expensive ‘because existing scales would be replaced through-
normal attrition rather' than adapted ‘or replaced before they
normally would.

The second approach would be much more costly and have
a shorter transition period but would be more orderly. Al-
though some scadles are not difficult or: costly to convert,
some costs would be involved. For others, adapting to read
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" in metric would be costly; and in some cases, conversion would

not be economically feasible, and the scales would have to be
replaced. This approach would most likely have to be made
mandatory to be effective because there would probably be

no economic incentive for scale owners to convert. All retail
scales, at least in an advertising area, should probably con-
vert at the same time. This would be necessary to avoid giv-
ing retailers that do not convert a compet1t1ve advantage over
others that do. e S L

In developlnga” scale conver31on plan, dec1s1ons would
be needed on: the neceSSlty for metrication of engineering and
plant. fac111t1es and how industrial scales should be treated.
Owners and- usérs of scales probably would neither be aware of
nor have any interest in whéther scale parts are designed and
produced in metric or customary unless the cost increased as a
result.  The 1mportant characteristic would be whether the '
scales glve weights in customary or metrlc.

Cons1deratlon should be g1ven to whether industrial
scales ‘in-manufacturing plants should be included in a conver-
sion schedule for;:other scales or /in a’gc¢hedule for the indus-
tries whlch use . them. These scales are. not v1s1ble to the pub—
lic as postal and retall store scales are.;f""= :

Adaptlon of“ex1st?ng scales

‘ The cost of adapt1ng ex1st1ng scales would not be known
until the technical requirements (including code requ1rements)
and the period over which scales are to be adapted are de-—
cided. No one has determined the number of scales that would
be involved because no decision had been made to convert ex-

~isting scales. It is a voluntary conversion. Some in the

industry have estimated that there may be 5 million or more
scales in use in the United States, excluding bathroom and
household scales. The population and its makeup may change
before conversion occurs. For example, the use of electronic
computlng scales 1s increasing rapldly.f_;

A March 1974 Canadlan task force study report, "The
Metric: Convers1on of Weighing and Measuring Devices in Canada,"
estimated that_Canada had 116,800 retail food store scales;

- 50,310 postal scales, of which 31,200  were privately owned;

and 179,300 industrial scales--a total of 346,410 scales. It
was estimated that 244,800 of these would be converted at a
cost in the range of from $60 million to $115 million (Canadian
dollars). Complete cost estimates to replace the remaining
101,610 scales were not provided.

A decision by a scale owner to adapt or replace a scale
would probably be based on factors such as the type of scale,
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the conversion cost, the age of the scale, availability of -
parts, the cost of a new scale, and the need to upgrade scale
capability. A representative of a large scale manufacturer.
said that only a small percentage of the scales the firm .. .

produces is readily convertible, but that within .10 years, -

‘many of these scales would probably be made obsolete by elec-

tronic digital scales, . These would probably have dual capa-
blllty or be readily adapted.

) Australlan OfflClalS reported that durlng scale -conver—:-
sion many retail scales were. replaced with electronic digital’
scales. rather than converted. - The .officials believed that
these speed up the weighing. and pricing.-operation and reduce
errors. Canadian officials also anticipate the purchase of
many electronic dlgltal scales durlng their planned conversion.

Another con31derat10n -in the adapt1on of ex1st1ng scales
is the service:personnel and time required. The Canadian -task
force estimated that if retail scales were converted within
a 2—year period, it would require -an increase of about 16 to
20 percent .in. the retail store scale technician work:force, -
or an equivalent in overtime. If industrial scales were con-.
verted in 6 years, the number of technicians ‘would have to.be
increased. to 25 to 30 percent with some overtime. U.S. scale
manufacturers expressed concern. that not enough trained ser-:
vice personnel would be avallable for a quick conversion of
existing scales. = : :

In Canada it was decided that existing scales should be
adapted to metric within a short transition period. The con-
version program for postal and retail scales is scheduled to
start in July 1979 and is to be essentially completed by the
end of 1981. S

_ Conver51on of Canadian reta1l food scales 1s to be tested
in three metropolitan areas. In order that no retail store
will lose business to a store that does not convert,-.all re-
tail store scales within the advertising area of each city
will be converted. After these three areas are converted,
other areas will be included in the conversion plan. Conver-
sion will be mandatory through changes in the weights and
measures laws, which are administered by the Federal Govern-
ment. Industrial scales will be converted when the 1ndustr1es
that use them convert. : c R

Impact on State and- local
regulatory officials

State and local regulatory officials would be responsible

-for metricating the codes that regulate commercial weighing.:

In addition, conversion would probably pose other problems.

9-14
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Field testing equipment would have to be adapted to metric
units, where: p0331ble, or new metric equipment would have to
be purchased.’ Estimates of the cost of a set of metric test
weights were from $300° to $450. The number of test-weight
sets that would have to be converted or replaced was not
known. A 1974/ 'NBS survey -found that there were about 3,000
weights and measures inspectors ‘in the United States. Not
all of these were involved in testing scales. - Not every in-_
spector responsible for testing scales would need a complete,
set of test weights because some inspectors test only certai

types of scales. Converted scales and new metric scales would

have to be tested by an inspector. Under a quick convers1on ‘
program, additional. staff may have ‘to be employed Metrlc‘

tralnlng for personnel also would be needed

The NBS Office of Welghts and Measures hlstorically has

‘assisted regulatory officials in: the areas of field personnel
~ training and development of model ‘codes. The Office ‘has’ pro-

vided metric training seminars to regulatory officials us1ng
funds from a $35, 000 Office ‘of Education metric ‘education "
grant. - The 'Office is also working on a metric Handbook 44.
The Director of the Office of Weights and Measures said that
the Office would need more funds and staff to carry out the
activities to prepare State and 1ocal weights and measures~;
off1c1als for metrlc convers1on. ‘ : ‘

U.S. PARTICIPATION IN. THE INTERNATIONAL
ORGANIZATION OF LEGAL METROLOGY:
A METRIC CONVERSION ISSUE’”*’ R

‘ The International Organlzatlon of Legal Metrology 1s an’
intergovernmental treaty organlzatlon founded in 1955 to es-’
tablish uniform requirements for various types of weighing and

- measuring devices, including cooperation in the field of legal

metrology, which relates, broadly, to the laws ‘and regulations
and. their enforcement. This international organization has
similar objectives to ‘the National Conference on Welghts and
Measures but on an 1nternat10nal level.

In carrylng out its objectlves, it serves as a center of
documentation and information. It also recommends uniform
international requirements for scientific and measuring in-
struments, such as scales, used in industry and commerce and
develops model laws and reqgulations for consideration by mem-
ber nations. 1In 1972 the United States became a member with
participation being coordlnated through NBS.

Industry representatives told us the primary benefit of

-participation has been as a source of information; however,

State Department Officials have said that the United States
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has .a moral. commitment :to con51der 1nternat10nal recommenda—‘
tions .of the. organlzatlon. S ; R i

Industry representatives belleved that before the Unlted
States decides to adopt any recommendations;. it should have
a s;gnlflcant input. - The first year for poss1ble significant

.U.S,.. input will be the next meetlng in 1980, . .Industry offi-

cials indicated that. U.S. input is needed because the organi-

zation has: been dominated by European thoughts on scale de51gn'

and regulatlon wh1ch 1s dlfferentr

RS Metrlcatlon of scales should not take place before U S.
input.and:.a dec131on is.made: on- whether 'the organlzatlon s
recommendations are to. be adopted. in: the United Statesu: If o
metrication and adoption of the recommendations are not made
simultaneously, the industry might have to go through two
significant changes. An NBS official told us that U.S. in-
volvement in the International Organization of Legal Metrology
is independent of domestic metrication of scales and would
continue even if the United States does not convert to the
metric system.

CONCLUSIONS

Conversion to a predominant use of metric scales will
probably not occur unless it is made mandatory. Otherwise,

‘conversion of industrial scales will depend on whether in-
‘dustries that use them decide to convert their internal opera-

tions. Retail scales may not be converted voluntarily because
retailers have no economic incentive to convert.

Substantial costs could be involved to convert scales in
use. The alternative would be to phase out customary scales
through normal attrition and replace them with metric scales.
This approach may be practical for industrial scales but not

for retail scales. The use of both metric and customary re-

tail scales would cause confusion in the marketplace. Consum-
ers may avoid retail stores that have metric scales. This
would give a competitive advantage to retailers that do not
convert. State and local weights and measures officials would
also face costs for metric training and metric test weight
sets.

Scale manufacturers did not anticipate any major problem
in producing scales that read in metric but have customary—
size parts. Metrication of engineering and production equip-
ment to produce scales with metric-size parts, however, could
be expensive.

U.S. conversion was not expected to increase scale ex-
ports. Domestic sales would be increased only if conversion
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were made mandatory with a ‘short transition period. ' An in=
crease in production of metric scales will depend on demand-
by the industry's customers. ‘

-+ To have an effectivevconverSLOn'prdgram;‘pafticdlarly

with respect to retail scales, some type of mandatory con-

version with timetables would probably be required.: Industri-
al: scales: could be converted as the internal operations of the

industries that use them .are converted. i Retail' scales, at

least within an advertising area, would probably have ‘to be
converted at the same time to avoid giving a competitive edge
to those-‘that otherwise would not convert. - A'major determin-
ing  factor in-'the ‘success' of retail scale ‘convetsion would be
consumer acceptance of the metric system. B R R
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CHAPTER 10

TRANSPORTATION--OVER THE MILES TO METRIC

Department of Transportatlon pollcy R

nghway mlles to: kllometers

‘Metrication of standards for trafflc 4

control dev1ces

‘efSA tlmetable for convers1on of hlghway v: o

vosigns o 2
The: publlc is notlfled
A rough cost estimate oo

'vahe Congress, organlzatlons, and the

- “public react:: & _ :

< Views 'of those:who opposed

S A questlon of authority

~ * Our observations :on- the nghway

- Administration's: converSLOn proposal

Who volunteers? -’ _
Speedometers and odometers

Further study of human factors needed 

Dual speedometers requlred in 1979

Bulldlng a metrlc road
An: experlment with 51gns

A 1ong haul for~ rallroads
Conversion of tariffs

Marltlme activity .

A view from industry:
© U.8. Coast Guard
.Marltlme frelght rates
St Lawrence Seaway
Urban MaSS'Transportation Administration.:

Conclu51ons

Recommendatlons to the Secretary of
Transportatlon v :
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" CHAPTER 10

TRANSPORTATION——OVER THF MILES TO METRIC‘

_ . Changlng the measurement system used in transportatlon
will have far-reaching effects. It 'will affect ‘the’ ‘design
and manufacture of motor vehicles, trains, aircraft, and
ships; the legal control systems (speed Timits, lodad limits,
assigned routes, safety limitations, etc¢.) that govern their
us€; and the computation of rates charged for thelr ‘use (fees
for shlpplng goods and transporting: passengers) ..Effects
will be minor and almost unnoticed in' some: cases,;butVin

other cases will.have~important*economicvend.social:implica—
tions on manufacturers, operators, legislators, law enforcers,
shippers, and the general public. *The ‘Department of Trans-
portation's policy is to pursue and promote an orderly change-
over to the metric system. : The policy allows for industry to
set the pace for changeover, but the Department may, when

it has statutory authority, initiate some changes. :’ (Because
of its unlque worldwide application, air: transportatlon is
dlscussed in ch. 15 with the aerospace 1ndustry )

We talked to Federal and State transportation off1c1als,
representatives of transportation associations, operators of
transportation companies, State legislators, and .enforcement
officials. Most felt that conversion may benefit some parts
of the economy but that it was not cost benef1c1al to trans-.
portation. : : SRS

' Highway users felt that equipment conversion would not -
result in real benefits and would be very expensive. For ex-
ample, the two most prominent measurement items on a truck
are the speedometer and odometer. Specialists estimateithat
it would cost from $40 to $75 for a speedometer conversion
and possibly over $100 for an odometer convers1on, dependlng
on the model. With 26.5 million trucks in operatlon in 1976,
this would be very expensive. . "

The National Highway Traffic Safety Administration issued
a regulation in March 1978 requiring that all motor vehicles
manufactured after August ‘31, 1979, be equipped with speed-
ometers that register in both m11es per hour and kilometers
per hour. Affected parties were not provided an opportunity to
comment on this new regulation which was issued on the agency's

own initiative. We do not know the extent of the impact on
motor vehlcle manufacturers.

of course, there are kits and decals available for pas-
senger cars which would reduce the cost for the speedometer
conversion. These may or may not be appropriate for motor
freight carriers. At this time there does not appear to be a
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similar solution for the odometer problem. Both instruments,
but partlcularly ‘the odometer, are 1mportant in determlnlng

the costs of transportlng goods and people. ' Metrication may
be justxf ed-if it would result in- 1mprovement of the‘syst,m
or. hlgher.proflts,.;ut th1s 1s not the case._ .. o ;

Rallroad off1c1alspth1nk it 1s follyfto assume that the

mlnals, could convert. They empha-
sized that most of their" flxed ‘and movable equlpment has a
long 11fe and could not be

and charges for tr
to change and havet_;

Marltlme transp r on. has a conver51on plan developed

by the Mar1t1me Transpor atlon Research Board ‘of the Natlonal
"‘ However, the ‘Plan suggests as schedulef
: '“ver31on w1thout asklng "Why should

s1mp1y comm1t the 1ndustry to metrlcatron;because natlonal
metrlcatlon seems to be "1nev1table . aE :

Implementatlon depends largely on the 1ndustr1es hat ™
supply components ;r:shlpbulldlng.‘ These 1ndustr1es may Or
may not have their own conversion plans.; However, the U.S. .
sh1pbu11d1ng 1ndustry is too small to 1nfluence suppllers -who
do not:-have plans. to convert. ‘The mar1t1me 1ndustry also has
much” equlpment with a long life which will not ‘wear out for
many years and would be uneconomical to: replace before neces—
sary. ThlS, as 1n ra11roads,\w111 delay the conver31on tlme.

Some" groups of shlpplng 11nes, however, have already
metricated rates for shlpplng welghts and volumes of cargo o
to forelgn ports.,ﬁ: : , : . :

The- att1tude toward changlng systems of control and reg—
ulation of hlghway traffic was made clear in June: 1977 when
the Federal Highway Admlnlstratlon S.proposal to- convert speed
limits and other “highway 1nformat10n and-advice signs was =
soundly objected to by about 98 percent of ‘the ‘more than 5,000
who commented on the proposal. . The - proposed regulatlons would
affect not only commercial transportatlon interests, but’ the

millions of motorlsts who would have ‘to drive by the regulatlons,
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the States which’wouldahavezto*amend~theirulawsiandfreplace
old signs with new metric ones, and law enforcement -agencies
throughout. the country that would have to enforce compllance.'

Opp051tlon ‘was ma1n1y based on the $100 m11110n cost for
changing signs, the confusion it would cause among dr1vers,~
the time needed for States to amend traffic laws, and the dif-
ficulties of: enforcing the laws among unprepared drivers.
Also, opponents raised a very basiciquestion of whether the
Highway Administration had the authorlty to make: such a .
change. (We also believe: that the nghway Administration's.
authority to mandate road sign ‘conversion is questionable. )
The ‘Federal Highway Administration terminated «its. proposal .to

‘change the regulatlons 1n the face of thlS oppos1t10n.“,

We feel: that the metrlc conversion of transportatlon v
w1ll be slow. It is highly dependent on’ the .conversion of -
industry. Except for automobiles which have ‘a‘relatively
short 11fe, transportation equipment has a long life. For
example, in its ‘publication;  “Motor Vehicle Facts and- Flgures
1977,“ the Motor Vehicle Manufdcturers Association showed
that in 1976, 9.3 percent of ‘the 26,560,000 trucks in ‘use .
wére 16 or more years old. By contrast, only 2 ipercent’ of
the 97,790,000 ‘automobilés 'in use were as old., ‘The Associa-

‘tion’ of American Ra11roads reported that frelght cars are of-

ten in use for 30 years; locomotives, for 20 years. ‘Ships
have a minimum expec¢ted useful life of 25 years. We : ‘expect ‘a
1ong perlod when both customary and metric will -bé"in use.

We can see no advantages»rn changing highway 'signs to
metric. 'Conversion ‘of highway signs may come only when the

Congress declares that the Nation will ‘adopt the metric sys-

tem, States are able to afford ‘the change or Federal aid is
made available, automobiles are equipped with metric speed-
ometers and odometers, and the dr1v1ng publlc is or1ented in
the safe use of metric measurement. :

Transportation tariffs and rates will be changed as need-
ed. This aspect of the conver51on w1ll be complex and expen-
sive. PN ; 4

DEPARTMENT OF TRANSPORTATION POLICY

‘”The Department of Transportatlon was establlshed in 1966

~"to assure the coordlnated effectlve adm1n1stratlon o
of the transportation programs of the Federal Govern-—
ment"” and to develop "national transportatlon policies
and programs conducive to the provisions of fast, safe,
efficient, and convenient transportatlon at the lowest -
cost consistent therewith. ‘
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“.The' Department ‘includes the Federal Highway :Administra-
tion, the Urban ‘Mass Transportation Administration, the Na- -
tional Highway Traffic ‘Safety ‘Administration, the Federal - -
Railroad Administration, the Coast Guard, the St. Lawrence
Seaway Development: Corporation;, and the Federal Av1at1on Ad—

ministration as operatlng elements.sz

The Department S metrlcatlon pollcy, announced in July
1977, establishes :departmental policy and administrative pro--
cedures ‘for orderly transition to the metric. system. Its
policy is to pursue and promote an orderly changeover to. the
metric system. The policy 'will allow industry to set :the
pace for changeover, but the Department may, where it:has: :
statutory authority, initiate some changes. - When the Depart-
ment initiates change, it will be done in ways that will mini-
mize costs to:.industry caused by the'change., ‘Most .changes
will involve néw systems and fac111t1es rather than redes1gn
of ex1st1ng ones. . - pon p i “ e R S

Each operatlng element 1n the Department is to (1) de-
velop guidelines and standards ‘for .conversion of its area of
responsibility,u(2)_make«the-guidelines and standards -avail-
able to industry, and (3) consider the plan and the metric
system in the procurement . of all equipment, services, and
supplies, especially in .the design of new transportation sys-
tems. . ‘These plans will be. reviewed and .consolidated into ,
an overall tran51t10n plan by the Department s .Metric Coordl-
nation Commlttee. . Y ; Co .

The policy order also requires each operating element to
be responsible for training its personnel in the use and ap-

pllcatlon of metric units. Costs necessary to..support the De-

partment's conversion effort will be identified so that funds
can be included in succeedlng budget cycles.

HIGHWAY MILES TO KILOMETERS

‘ In February 1974, before establishment of the Department
of Transportatlon s conversion policy, its Federal Highway
Administration organized a Coordlnatlng Task Force on Metrl—
cation to plan for changeover, prepare engineers and other em-
ployees for conversion, and keep in touch with metric activi-
ties. Within the same year the Highway Administration awarded

a research contract to the Ohio Department of Transportation

to document its experlence in completing two metric highway
projects. It also established a pollcy requiring use of

metric equivalents for all measures in Highway Administration
technical publlcatlons, reports, and spec1f1catlons-.and is-
sued a directive glv1ng States permission to install metric
familiarization signs on interstate and other highways built
with Federal aid. The Highway Administration's latest
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~conversion activity was its publication, in April 1977, of.

its intention to require speed 11m1t and other hlghway s1gns
to change to- metrlc by 1982. Cah ) ‘

Metrlcatlon of standards for
trafflc,control devices

. In May 1976, in response to a request from. its Advisory
Commlttee, the Highway Administration assigned its Office of
Traffic Operations to revise the Manual on Uniform Traffic
Devices, with the objective of issuing a new edition within

2 years, containing only metric units of measurement and ra-.

tional metric standards. The manual, which contains: princi-
ples for the de51gn and use of all highway and street traffic

~controls such as signs, signals, and road markings, is; regard-
ed by the Highway Administration as the national standard.

Although most States have adopted the Manual, its use is not
mandatory except on the Federal a1d hlghway system. Lo

A t1metable for conver31on of hlghway 51gns

' The nghway Admlnlstratlon thought that settlng up: a
schedule for the conversion of traffic signs on highways ‘and

streets would be a good way--to- influence metric conversion. .

The States and the1r subdivisions, they said, were requlred
by law (U.S. Code title 23, sections 109(b) and (d),:and:
402(a)) to comply with the Manual of Uniform Traffic Control
Devices on' Federal-aid highways. . Because the Manual was be-
ing converted, the~timetable would make: the .conversion of
signs an-orderly process. ' An official told us that Federal

“highway funds could be withheld from a State Wthh d1d not ’

comply with: the follow1ng t1metable.e

Recommended Timetable for Plannlng Metr1c Convers1on
e of U.S. Trafflc Slgns ‘ :

5 Due for:

Accompllshment : ,e:‘,,wq SR combletibn;.;-

Develop conver31on gu1de11nes 'h o : ,‘,5 : 1976
'Develop metrlc/51gn draw1ngs R | " 1977
Publlsh metrlc Manual of Unl-

form Traffic Control Devices
Publicninfo;mation.program-_ :’,' | : { 1978
Revision of pertihent laws

and regulations : ' | 1978
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Begin speed sign conversion
(includes advisory speed -
plates and vertical clearance

warning signs) S - A Am vs July l, l978»
Reach 50 percent compliance‘ o Tfiﬂ “;A July 1, 1979f
Reach ldO*percent compliance “th'ﬁgih‘ : .gdbec.*jo,.l979A
Warning and-regulatoryrsigns~'24‘ :\" o Sept?;iolllggo

Gulde signsy- mlleposts, and -’ D R R
other adv1sory s1gns rf’ _i"»“ .~~~ " -Sept. 30, 1982

The publ1c is not1f1ed

In the Apr11 27, 1977, "Federal Reg1ster," the nghway’
Administration published an ‘advance notice of its 1ntent1on i
to change the regulat1ons and solicit comments on its t1me—v
table for conversion of highway trafflc signs to the metric -
system. The notice also advised the public that the Highway
Administration is rev151ng ‘the:Manual of Uniform Traffic Con-
trol Devices to. establish metric standards. Comments on-this
notice were to be received in 45 days (by June 13, 1977) It

~quoted 'section 3 of the Metrlc Convers1on Act of 1975 as-au- '

thor1ty for the act1on.

: ‘"Sec.'3 "It is: therefore declared that the
policy of the ‘United States shall-be to coordinate:
~and plan the increasing use of the metric¢ system in
the United States and to establish a .United States
‘Metric Board to coordinate' the voluntary conversion

to the metr1c system.“

The “Federal Reg1ster" notlce contalned an unexpected
revision to the timetable for conversion of speed limit 51gns
that was contained in an April 26 press release. The 90-day
period, recommended until just before pub11cat1on of the no-
tice, was extended to 18 months. The revisions proposed that
the change of speed limit signs and vertical clearance signs
would begin on July 1, 1978, reach 50 percent compliance by
July l, 1979, and 100 percent compliance by December 30, 1979,
"to minimize drlver confusion and fac111tate law enforcement
efforts.” S :

The notice stated that many s1gns may be converted by
the use of overlays or 51mple letter and number changes,. but
in some instances, new signs may be necessary.
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A rough. cost estlmate ‘ ?'m R R S A S 5va; Ce L LTfV“
At 1ts June 1976 meetlng in Kansas C1ty, Mlssourl, the
American :Association of State Highway-and Trdaffic Officials
had estimated that -changing-the - approx1mately 3,489,800 traf-
fic signs on highways and streets in the United States would
cost about $110 million. : They admitted that .the cost esti-

‘mate was very rough because neither (1) the number. of signs

nor (2) the method of conversion that would be uSedﬁby all
the States (decals, changing only some numbers, completely
new signs) was known. (Exact costs: would be determined by -
the method of conversion.) The Highway Admlnlstratlon did
not make  a .cost: study:of its own before ‘publication of iits
plan,:sbut’ apparantly, it used the: above figure as a. general
estlmate of what the JOb would cost B e o L TEG

The Congress, organlzatlons, ”} s 1-ff@w‘~7~v~~
and the pub11c react e ES SR T

s«On Aprll 28, 1977, the day after the nghway Admlnls—wa
tratlon s-notice in the: “Federal Register," a bill was intro-
duced in the .Congress. to proh1b1t the:: expendltures of ‘Federal
funds to modify highway signs for metric conver31on unless
spec1f1cally authorlzed by thet Congress.w Lo fan

On June 1, 1977, a member of the Congress sent a letter
to .the Highway Administrator requestlng ‘immediate withdrawal:
of ‘the notice .of proposed rulemaking -and the:cancellation: of
all: plans to force metric conversion on American motorists.

- The letter pointed :out: that (1): the Metric Conversion Act
did not .grant: the Highway Administration authority to propose

rules, (2) the Congress has not established an official pol-
icy of conversion, (3) the Congress expected metric highway
signs to be a complement rather than a substitute for custo-
mary signs, (4) the act stressed voluntary conversion, (5)
the act was not to be used to force costs: on anyone;, ‘and (6)
by proceeding without the guidance of: the Metric Board, the
Highway Administration would be contributing: to haphazard

conversion. Other ‘members of the Congress also wrote 1etters"
of oppos1t10n to the nghway Admlnlstratlon.

. ,~By June 13, 1977,‘more than 5, 000 comments on’ the pro-
posal had been received. Letters were sent by State and lo-
cal transportation authorities, motor clubs, consumer organi-
zations, farm bureaus, manufacturers, State and local public

works departments,. many other organizations, and private cit-
~izens. Ninety- elght percent of the comments were negatlve..f'

A nghway Admlnlstratlon off1c1al sald that the more
than 5,000 letters was higher than for any other rulemaking
the agency had ever proposed. The highest“hefore this was
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under 500. We read about 400 of the letters and found that :
they were overwhelmlngly agalnst metrlcatlon of 51gns.

In 11ght of such overwhelmlng oppos1t10n, the nghwayix
Administration published a notice:which terminated the:pro-
posal in the June:23, 1977, -"Federal Register." Also, a :::
Highway Administration:-official told us. that the :Manual of:
Uniform Traffic Control Dev1ces w1ll not be changed to- metrlc
as planned RN SIS r . :

V1ews of those who opposed

e v . .
State government agenc1es, assoc1at10ns of hlghway T
users, ‘the National Transportation Safety Board:(a. Federal: i
agency which serves as the-overseer. of transportation safety),
and the general public were among those who commented to the
Highway Administration about the -proposed:timetable. Most ,
of their opposition was based on' the h1gh cost of conver : n
with few or no measurable beneflts, the fact that they would
be forced:to metricate when the Metric Conversion Act:calls

-for: voluntary conversion, and -the possibility of. impaired
.hlghway safety due to the lack of drlver educatlon. S CRRAE

nghway Admlnlstratlon OfflClalS told us they belleve:r
that the most important fact learned was that metrication is
an- emotionally volatile :subject -and their analysis. of ‘the re-
sponses: ‘showed ‘that: ‘many were based -on:patriotism, fear ‘of
communism, the need to maintain tradition, or an organized °
appeal.  They: felt that it was evident'thatamOSt‘of the:ad¥
verse .comments ‘received from citizens came ‘as .a ‘result of -
newspaper artlcles urglng readers to protest use of the metrlc
system. P R y : R S oo

- A questlon of authorlty

The Natlonal Commlttee on Unlform Trafflc Laws and Ordi=~

nances 'is an independent, nonprofit organization-composed: of:

about 140 members representing .groups, ‘such as' Federal, :State,
and local hlghway officials; car, bus, and truck associations;
insurance and finance companies; and others involved in high-
way transportation. The Committee is the custodian of the

Uniform Veh1c1e Code Wthh is a gu1de for State motor vehlcle

laws.

ThlS Committee's view is that the nghway Admlnlstratlon
does not have authority ‘to promulgate and enforce a timetable
for converting highway signs. 'The Federal :Government does not
make traffic laws. The Nation's traffic laws are promulgated,

adopted, and enforced by the States and their political juris-

dictions. An example is the present 55-mile-per-hour speed
limit. on the Nation's highways. The States changed their
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maximum speed laws to comply with the Federal Government's:
initiative to save energy, not because the 55-m11e-per hour
limit was a Federal law.- :

It is important to note that the 55-mile~per-~hour lim-
it is -not a Federal speed limit. ' In January 1974, however, .
the. Congress enacted the: Emergency nghway Energy. Conserva—
tion Act (Public Law 93- 239) which-required the Secretary of
Transportation to.withold Federal-aid hlghway funds from any.
State with a maximum speed limit .in excess of 55 miles per.
hour. . We had- been told by: a nghway Administration official
that Federal a1d purse. strings could be. .used to. enforce State
compllance metr1c speed. limits. . We were also told. that. the
Emergency nghway Energy. Conservatlon Act could/be amended
to give the Department the same economic sanction. authorlty
over those. who did not. convert the 55—m11e-per—hour limit to
90 kilometers per hour. A State could refuse to comply only
if it could do without Federal-aid highway funds.

The Committee on Unlform Trafflc Laws and Ordlnances of-~

‘,f1c1al said that the nghway Admlnlstratlon s 'enforcement au-
thority through economic sanctions is very weak and getting

weaker as the Interstate Highway system nears completlon. The
1nfluence of varlous polltlcal forces. agalnst use of sanctions
has caused them to. be 1nfrequent1y used. "It is questlonable
whether States would make expensive sign changes to retain
Federal-aid highway funds. This official also felt that

the Congress would be reluctant to amend the Emergency nghway
Energy Conservatlon Act, C e :

Our observations on the Highway
Administration's conversion proposal

o The attempt by the nghway Administration to 1molement
conversion‘of highway signs is-important because it is the
first attempt by the Federal Government to metricate an area
which would quickly affect the entire Nation. Conversion's
far- reachlng effects would require amendment of State traffic
codes; education of drivers, law enforcement personnel, and
the judiciary; adjustment of State and local budgets; and
adaptation of speedometers ‘and odometers among other things.
The strong opposition and ultimate withdrawal of the proposal
could have an adverse effect on the course of other: ‘metrica-
tion efforts in the United States. ~

If the Highway Department had (1) included State,and lo-
cal governments, industry, and other affected sectors in their
planning and (2) developed a cost/benefit analysis as care-
fully as possible and given more consideration to the amount

of t1me needed for education and’ rev131ons to appllcable laws,
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others may have been 1nfluenced to voluntarlly cooperate w1th
the proposal.’ ‘ : P . B :

PR

Who volunteers’

Ay

The H1ghway Adm1n1strat10n felt that the Metrlc Conver-
sion Act gave them authority' to.assume ' a leadership role in
influencing metrication. They" chooseé to do this by "volun-
teering" to metrlcate regulations. These regulations’would
impose conversion on the States. Conversion, then, would be’
mandatory on' the States, which must amend traffic codes and
pay for sign replacement," and- the hlghway*users, who must:’
comply with these codes.” This view, in our ‘opinion, is 1n-h
consistent with the intent: of the Metric” Conversion Act to
make conversion voluntary. 'In our opinion, ‘the nghway Ad- -
ministration® s authorlty to 1mpose such regulatlons 1s ques—’
tionable. :

Speedometers and odometers

" We also thlnk that the problem of convertlng speedometers

‘and odometers was too lightly considered by the Highway Admin-

1stratlon.‘ The H1ghway Admlnlstrat1on feels that the driver”

" can easily and inexpensively convert a customary speedometer

to metric by plac1ng a metr1cally cal1brated decal on the
coverglass.

Canada has made decals available to be placed on the
speedometer coverglass for its conversion of ‘Speed limits in
September 1977. We do not as yet know how effectlve use of
these decals has been. : P % P

miles to kilometres mllles en k||ometres
(Fits aII shapes of Speedometers) - . (Adaptatuon universelle). . e
, 20 30 - 4 - 50 sorﬂ“7o ' '
luulnnlunllunlun|luuluuluuln|xlnul1111_luulnnlu“lnujunlllullnllnnluu :

f:;ﬁ'.se:m...f” o N\ oo (50 M 100 4 1208 140‘*@

Place stlckers on-glass as follows; 20 km at 122 m, . Durectlons pour - placer les .indicateurs métriques. -
40 krn at 25 m, and each following km sticker at each. 20 km & 12'2'm, 40 km & 25 m, etc. Tous. les -autres
12Y4°m interval‘as shown on the- chart : ‘ indicateurs doivent ‘étre placés par |ntervalles ‘dé 12‘/:
© COPYRIGHT, 1974 D.A. HOWIE EE milles: comme Imdnque Tillustration:: -
D& J HOWIE HOLDINGS LTD. . MADE IN CANADA * . i FABRIQUE AU CANADA

We 1nterv1ewed two Wash1ngton aréa mechanics whose com-
panies spec1a11ze in speedometer repair work. These spec1al-
ists told us it is not likely that the average motorist will
place decals carefully enough to ensure that customary mark-
ings are accurately converted. Secondly, they said even if
properly placed, the sometimes 2- to 3-inch separation between
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the coverglass and ‘the speedometer ‘dial is enough to cause.
-inacdcurate: readlngs except when the driver wviews ‘the speed- :
ometer: from ‘dead center. . (The National: Highway" Traffie: Safety
Administration clalms that- 1/2 to “l‘inch ‘would ‘be ‘a more:
accurate’ estlmate :of the'‘average separation: between dial ‘and

~coverglass, )" Addltlonally,“nlght visibility of :numbers on" the

coverglass would be poor :at best because speedometers. are’
usually illuminated behind the glass. Numbers on the cover-

'glass would be poorly 1llum1nated 1n a darkened automoblle._

Speedometer spe01allsts sald that time: for profe551onals
to remove ‘the: coverglass and install marklngs directly to the

dial could" range from 1 ‘to 4 hours, dependlng on the -automobile

‘or truck, and cost $40 to $75 1n 1abor.fgrﬁj FERERE “*“‘”ﬁi

The sales manager of a German multlnatlonal automotlve
instrumentation concern reported‘to fus:that: many ‘Australian
driverss: have converted: speedometers ‘with a kit ‘marketed: by an
'Australlan company.’*Instructlons with the kit explain how::

©.the owner can install -a'metrically ‘calibrated overlay: under

the coverglass /from the front of the ‘instrument panel w1thout'
having to .remove the speedometer from the panel ‘or dlsturblng

“any of the speedometer: 11nkages.v Because of differehces ih -

des1gn, a: spec1f1c de51gn and instructions were developed for

€ach: car make and model. -We were given a kit designed to fit

the 1973:to: 1975 American Motors Matador. - The: instructions
set 20 minutes as the time needed for do- 1t-yourself installa-
tlon. For thlS model the process seemed relatlvely s1mp1e.

mph

10 mi = 16 km kﬂVﬁ

The two companies plan to market 51m11ar kits in the
United States. The manager 'stated that research is in
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progress, not only to develop overlays that .will accurately ‘
fit the speedometer dials of American cars but to develop eas-

1ily understood instructions.  He estimated that about 1,000 -

different kits would be needed to cover all automobile models
(domestic and foreign) in. use. He anticipates,. however, that

- they. should be able to market about 300 different kits for the

most, popular cars sold durlng the past 10 years.,

These k1ts could be sold for $l 95——$2 50 1f U S. conver—
sion of highway signs is planned with sufficient lead time to
allow sales through automobile manufacturers, dealers, and
normal parts merchandising outlets. Quick distribution of
an estimated 34 to 45 million. kits with short lead time will
require handling by a large number of people with resulting .
hlgh markup. In this case kits could cost consumers $5 to $6.

Convertlng odometers would be a d1ff1cu1t problem.u We-

vwere told. that the odometer .is connected. to a drive gear on

the transmission.. GM has kllometer gears which could be used
to replace the gear on its cars, but no other: domestic company
has metric-gears.. Other cars would have. to have an. adapter . :
installed and calibrated by road testing over a measured. kllo—
meter. - Each conversion would be time: ‘consuming ‘and .could cost
over. $100. - The. exact cost would vary with the make,. model,

and year of the car.. Specialists could not give a. better esti-
mate because they have ‘never made odometer conver51ons.

. Speedometer and odometer convers1on, then, would be very
expen51ve to the driving public if it is to be done in a way
that would not 1ntroduce safety hazards.; Thls expense would

Further study of
human factors needed

Issues, such as whether 90 days, 18 months, or _some other

period is, optlmum for completing the speed 11m1t change-
whether 1t ‘is ‘better to convert speed limits before or after
other sign changes- when and how to orient the general public;
whether meétric- signs need to be distinctively’ different from
the present. 51gns, ‘and what human factors would be involved

-in changing from one system to another;, should also: be studied

carefully before further attempts are made to metricate high-
way traffic control = . _

Dual speedometers requlred in 1979

In March 1978 the Natlonal Highway Traffic Safety Admin-
istration issued a regulatlon for speedometers and odometers
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nance . than 1ndlcated by the ml,ea”e‘shown.§¥

which:.included a requirement ‘that all new vehicles manufac-
tured-after: August 31, .1979; be. ‘equipped ‘with speedometers
that register in both m11es per hour and kilométers per hour.

‘ -» The main purpose of this regulation;: ‘according-to-an of-
ficial of the National Highway Transportation Safety Admlnls—
tration, was to require’ automoblle ‘manufacturers.to use 85"
miles per.hour or 140 kilometers Per hour “as the toép speed- on
speedometer -dials. ‘This would-eliminate hlgher speeds like-

125 miles per hour on‘the ‘dial‘which, accordlng to ‘this: offi~

cial, may influence immature drivers:to'cause-a’ safety ‘hazard
by testing their cars tosee. Just ‘how:near they: ‘can’ come ‘to
the top- speed disted 6n the: speedometer. ~Another purpose ‘was
to require odometers to be madeé more: tamperproof “tHus protéct-
ing the buyer'of a‘used car from'purchasing & car whic¢h had’

the odometer set:back creating a possibility that the car
would-have ‘higher mileage-and consequently ‘n ed more malnte—

; In the proposal that went out - for comment ins December
1976, the speedometer readings were to be :in customary ‘but
gave the automobile manufacturers the option of ‘including
metric graduations. Unilaterally, between the time of the )
original proposal and the final ruling, the ‘Safety Adminis-'.
tration changed the speedometer regulatlon to require all
new motor vehicles to have dual speedometers--metrlc and cus-
tomary. This ruling, according to. an: agency off1c1al, was made
totally on the ‘initiative of the: Safety Admlnlstratlon. ‘

‘Whereas ‘automobile manufacturers-and others had an- opportunity

to comment on the: or1g1na1 provisions ‘in the regulatlons, they

- did not have -a chance to comment on the dual speedometer re— v

qulrement.

ThlS off1c1a1 told us that the dec131on was’ 1nfluenced by
the Department: of Transportation order’ ‘promoting metrication in
its administrations and the Federal Highway Administration's’
actions to have all.road signs changed to metric. - The "Federal

Register™ dated March 16,.1978; ‘contained “the ‘following state-

ment by the Nat10na1 nghway Trafflc Safety Admlnlstratlon-**

'uThe proposed rule would have requ1red speedometers

~:-to be:graduated in:miles:per.-‘hour and allowed manu-*i“

- facturers. the. option: of adding graduatlons in-kilo="
metres. per hour. . The: final rule ‘requires graduatlons S
in both: systems of measurement. ' This provision will
aid the converisaon of ‘the United:States to the metrlc
system, cons1stent with: the Metric. Convers1on Act
of 1975. Some road signs.-in this: counttry ‘and in
neighboring -countries already use the. system.' The

~dual graduatlons of speedometers will aid’ motorlsts
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- in becoming acquainted with the metric system.: As"
a result; their acceptance of the system and ab11-
. ity to use it will increase." S R

Since- thlS regulatlon was only recently. issued, we do not

”know what - 1mpact it will have on motor vehicle manufacturers

particularly truck and. motorcycle: manufacturers. Some auto-
mobile manufacturers are already producing cars with dual

vspeedometers.; Whether this:.regulation will disrupt:their .=

timing. schedules is unknown to us at-this time--it will coin-

gc1de with the introduction-of -new models in:.the fall of 1979.

More importantly, the- measurement .portion_of -this regulation

.was issued on the: initiative of the Safety: Admlnlstratlon -and
--was -not.coordinated with the parties affected.: (See.ch. ll

for a detalled d1scu551on of the automotlve 1ndustry )

_ Thus, th1s appears to be another example of a Federal ¥
agency, the second in the: Department of Transportation, uni-
laterally us1ng its authorlty to promote metrication as indi-
cated by.the issuance of the regulation and the statement on
its action that the regulation "* * * will aid the conversion
of the Unlted States to the metric system * * * v :

BUILDING A METRIC ROAD

We found two prOJects in wh1ch metrlc measurement was

,,uSed almost exclusively in street and roadway design and con-

struction.;- The Ohio Department of Transportation resurfaced

. a portion of one road and surveyed, designed, and constructed
. two State road :improvement projects. The city government of

St. Louis Park; Minnesota, completed a 9- to 10- block urban
project u51ng metrlc design and construction. The projects
were implemented to identify the problems that are likely to

~arise when metrics are used in building roads. ' These projects
- were done as part of the regular malntenance programs. ~No

spec1al funds were requlred

During the de31gn stages of its prOJects, Ohlo purchased

'metrlc‘equlpment and supplies for surveyors and engineers.
-The necessary equipment obtained for field surveying--a

3.6-meter metric level rod, a 30-meter metric drag chain, a
50-meter metric box tape, and :a 3-meter metric pocket tape--
was available from a Columbus, Ohio, supply house: at approxi-
mately twice the cost of customary American equipment. Mate-
rials needed for design work were metric scales and paper.
Scales were ordered locally, but there was a 4-week wait for
delivery. -Procurement: of metric paper and tracing cloth was
a greater problem. -Delivery of the cloth took an excessive
amount of time and nearly delayed the plans. ' Metric-size
paper had to be cut from present stock. There were some
complaints about the quality of equipment and supplies, but

10-15




generally, procurement of surveylng and des1gn equ1pment and
materlals was ‘not .a great problem. holtn :

SPRING DRAIN DETAIL  |aess
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Construction detail showing metric specifications

~ Courtesy o’f‘ the Ohio Department of Transportation. .

In general, educatlon of personnel worklnq on the jobs

was minimal.. Field surveylng crews were given a l/2-hour
orientation and then given the metric equipment to practice
with for a few hours.  After about a week of field work, they
7] ‘became falrly accustomed to working in the metric system. .
On-the-job training after short orientation was also used-
o for design personnel. Results ‘were reported to be good, and
accuracy of measurements and quality of work were generally
as good as usual, although some workers said they had been
extra careful because they were worklng in a new.system.

Ohio also insisted that contractors use the metric sys-
tem in all measurement and accounting during construction.
With this in mind Ohio determined that the range of bid
amounts was not unusual, and no bids seemed to be greatly
increased because of the metric nature of the projects.
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Contractors ‘reported axfew problems,.: 1nc1ud1ng increased
price of ready-mixed concrete to compensate the zsupplier for
converting his plant to metric (the total cost of plant con-

~version was $3,500) and difficulty in obtaining the necessary

metric measuring dev1ces.- Tra1n1ng of personnel on a need-
to-know basis was not a problem. :

The C1ty Englneer of St. Louis Park bel1eves that met-~
r1cat10n is comlng. . Therefore, he ordered a '9- to -10-block
street revamping. pro;ect to be done:as completely metric as
possible to 1dent1fy the advantages ‘and . ‘problems. .The con-
tractors' bids on' the project were about the ;same ‘as a non-
metric job would be, although only four of’ the~ ‘usual six to
‘eight contractors submitted bids. The.city's design costs
were about 20 percent. higher because englneers' productlon
was reduced during a period of relearning and using nearly
forgotten metric measurement skills. There was also lost
time and confusion on the- contractor s staff. Engineering
and: de31gn equlpment costs were m1n1mal, about $30. ‘Most of
thls was spent for metrlc rules, tapes, and draftlng paper.

Dual measurements were used on the plans ‘sent ‘out for
bids so that contractors -would have. a-familiar base for esti-
mating. Hard conversions were avoided when they would involve
new construction machinery or materials which may have to be
manufactured to metric standards, such as manhole covers or
curbs.. Street widths, however, were 12 meters; concrete was
mixed using metric quantities of ingredients and poured in
cubic meters;. ‘and 'sidewalks were square meters in area and
centlmeters in thlckness.

There was some distrust among res1dents whose driveways
would be affected because they thought that the 10-meter width
planned for the new metric drlveway was smaller than the 30
feet they already had. Actually their metric driveway was
about 3 feet wider. Some had :to be glven an actual demonstra-
tion before they were satlsfled.' : .

Although both the Oth and the St. Louls Park road bu11d-

'ing experiences were successful -and identified surmountable -

problems, both decided not to plan further metrication until
Federal policy and metrication of highways. “catch up." Offi-
cials in both situations felt that the metrication of road
construction -is' not advantageous at this time because ‘the
problems encountered would be expensive to overcome, ‘on a.
large scale, and there were no beneflts.

An exper1mentrw1th_51gns{

Ohio -installed 33 dual destination‘signs on Interstate
Highways to determine the changeover time in the public
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awareness, acceptance, and ‘'general: understandlng of the metric
system and ‘the ‘effect of ‘the 51gn1ng,ﬂyste_w”n ‘the change.:
Data was, obtalnedﬁ‘ \adm1n1ster1ng :estlonnalres to motorists
: erstate Highways before and
fand?questlonna1res were

l 440, in- Aprll 1974°;and '

admlnlstered in September 197
1, 570,,1n August 1974“"ﬂ, .

After analys1s
motorlsts were: about_

he quest onnalres, Ohlo concluded ‘that
knly d1v1ded on ‘the issue- of metr1ca—»

cation act1v1t1es te the rat
industry.
Department of Tr
the rallr d i

they havélan 1mmense 1nvestment 1n flxed plan
cla551f1cat10n yards,¢ ~0) s

nance of'dual 1nventor1es of equ1pment

Offlcfals sa1d that rallroad safety regulatlon i

~only area -in whlch the Rallroad Adm1n1strat1on could requ1re

change 'to metric by the railrc X They could- poss1bly revise
regulatlons deallng with tr ck safety, freight car safety,
safety appllances on trains: and locomotlves, motive power
safety, ‘and ‘other Federal safety regulatlons to include met~-
ric measurement. Even in'this case, the: convers1on would be
to metric equlvalents (softuconver51on) to avoid drastic
changes 1n ‘the phys1ca1 d1me.s1ons 1n plant and equ1pment.

The Northeast Corrldor Development prOJect and the Alaska
Railroad, both operat1ng under: the Railroad Administration,
are the only major federally controlled railroad operations.
The Northeast Corridor PrOJect Office, which is working toward
1mprov1ng rallroad serv1ce between Washington, D.C., and
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been done.

currently using man”
t to change. Soft:

«n;arge Amerlcan rallroads are reluctant to even‘dls-
cuss.convers1on to metrlc.i Thevtwo overrldlng reasons for
thig attltude n : ‘ _ S

—-A conver51on'by the ‘rai oads to metr1c would requlre
a tremendous outlay ‘of money. for no apparent real re-
turn or beneflt. Becausegof the depressed flnan01a1
condltlon of most ra11roads, funds . ar”'not avallable
for thlS, even 1f they so des1red. e

(There arefabout 324 000 m :
, 1 7 m11110n rallroad cars, and 27 600*locomo—
t1ves Ln the Unlted States )

Before any metr1c cars can be put on. 11ne, all parts of
the railroad . system must ‘be able’‘to handle and. ma1nta1n them.
Although there are many different. rallroad companles, each
is con51dered ‘to be part of ‘the - one North American--United

States, Canada, and Mex1co--ra11 system.: Frelght cars must be

1nterchangeable w1th capablllty for use throughout the system.
One standard gauge (width) track throughout the ‘system

(4 ft. 8-1/2 in.) allows. rail cars to move freely from one
railroad: to another. Although 1n time, metric conversion of
other ra11road equlpment may occur, it ‘is not probable that:
hard conversion of track gauge will ever be considered.
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The railroad companies really do not know whether the
Nation will ever metricate. However, the Association of Amer-
ican Railroads is developing a-preliminary plan of-.action to:
use :in the future if it seems that railroads must. convert.

The plan will attempt. to (1) define all areas and -activities.

of the railroad industry that could be involved in metrica--
tion, (2) provide a tentative timetable for conversion of each
item; considering not only the railroad industry: but; ‘the abil-
ity of suppliers to .furnish needed equipment, (3) cons1der what
education will be needed for employees and when it should be
given, and (4) insure that coordination and:.compliance with
standards are : achleved throughout the. 1ndustry._' :

: The Assoc1at10n of Amerlcan Rallroads 1s a. member of the

'.Railroad Rolling Stock Committee of the. Canadian Metric Com—f

mission. Since -the .Canadian railroad industry is .so inti- -.
mately related to the: U.S. industry, the. Canadian railroads
have had to delay hard metrication activities until the United
States moves, although Canada is: about 2 years ahead ‘in plan-
n1ng . Ay o i L .

Canada s Rallroad Rolllng Stock Commlttee encompasses
companies primarily engaged ‘in ‘buildingy,- rebuilding,: and .
operating locomotives and railroad cars. - The Committee: -
stated that the U.S. conversion will impose constraints
on the: Canadian railroad conversion plan if the Assoc1at10n
of American Railroads defers the writing of new specifications
and codes. Canada has set:’ 1983 as a target: date -when - all
operations w111 be predomlnantly metric.. . ; ‘

Canada's Rail Transport Committee, which comprlses those

w companies primarily engaged. in operation of railways for pas-

senger and freight, has also set 1983 as a target to be- pre-'
domlnantly metric. However, it too. states that while the -
industry is -attempting ‘to adhere to the Canadian National
Program of Guidance Dates for Metric. Conversion, the. inter-
relationships of railway operations between the two countries
constrains. the industry in that the conversion must be coordi-
nated with that of the U.S. railroads. - =

Conversion of tariffs

One metrication problem to be faced by ra11roads and
other ‘commercial transportatlon concerns (carriers) which v
transport goods is the conversion of tariffs--the: schedules -
of rates, charges, and regulations for transportatlon of
freight. Tariffs have every conceivable expression of - .
weights and measurement, all of which must be analyzed and
changed if the carriers convert to the metric system. ' Tar-
iffs include the frelght rate plus service charges for such
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things as switching services,3measuring ‘tonnage!,; reconsigning
~shipments, loading, unloading, and icing perishable goods.,+
~Shipment descriptions’ and shipping .conditions are defined in
welghts, densities, capac1t1es, gauges,'v1sc031t1es, dlmen-x
51ons, temperatures, pressures, and other measures. gl

All carriers sub]ect to the Interstate Commerce Act and
the Federal Aviation Act are required to have 'their tariffs '
reviewed 'by the Interstate Commerce Commission or the Civili’

- Beronautics Board and also: make them available for’ publlc 1n—

spection ‘before publication. ‘These agencies examine the "
tariffs for statutory :and regulatory réquirements rand. thefimf
pact they may have on users, especially small customers. They
may be accepted, negated o) i suspended Published ‘and filed
tariffs are b1nd1ng on“the carriery the :shipper, .and the per-’
sons receiving shipments. ' The: provisions ‘become an inherent
part of each contract represented by a blll of ladlng. é;:aww

Presently, the Unlted States has about 20 000 regulated

‘carriers. These include railroads, airlines, motor carrlers,

pipelines, transportation brokers, and express agencies who
publish:prices for transportation. A tremendous library of
tariffs exists, the vast majority in the customary system.

An Interstate Commerce Commission official said that there is
no accurate count -‘of the number of- tariffs, but they run ‘into
million’s of pages. - To. give an-idea of ‘the volume, he'said the

~Commission ‘processes about 400,000 tariff" changes annually.

This amounts ‘to approximately l 5 million pages- of material.
This does not 1nclude the" ‘thousands: of ‘unchanged tariffs or -
new tarlffs. .

In July 1976, to- open the door for ‘rate conver51on, the
Interstate Commerce Comm1581on issued a statement to the ef-
fect:that railroads, motor carriers, and other carrlers,»unw
der their regulation could convert tariffs to metric but
easily understood conversion tables must accompany the pub-

‘1I'ished: ‘schedule. While the Civil Aeronautics Board has not

taken an official p051t10n, it told us that there would

be no objection if the air freight industry. wished to con-
vert rates. At this time neither of these agencies intends
to initiate tariff conversion, but will cooperate with the
conver31on of 1ndustry.

Convers1on of: tarlffs w1ll be a very d1ff1cult and ex-
pensive: undertaklng. Its‘dlfflculty is compounded by the
fact that prices must not be substantially increased or de-

creased’'in the process. Therefore, soft conversion would have

to be made.  In simplest terms soft conversion 'would entail
establishing appropriate conversion factors for all the mea-
surement descriptions that are used in describing the tariff
on which costs are calculated. For each measurable property
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in the present system, there must be :.an -acceptable phy51ca1
quantity defined in the metric .system by which it can be ;
quantitatively compared. --A set of base: concrete units must-.
be contrived, :one for - each base quantlty, from wh1ch a..com-
plete translatlon table can-. be computed ,,,,,, : T T TR

An off1c1a1 of the Southern Frelght Tarlff Bureau, whlch
is one of the nonprofit agencies established by groups- of
carriers to publish rates, says that ‘one problem is .that -
there are no absolute metric- equivalents to customary :guan- .
tities; only approximate equivalents.: ‘For example, 1 ounce
equalis 28.3495 grams, oL v1rtua11y as- many -places to the::
right of “the:decimal: p01nt in fractlonal unlts as you would
care to express.: . . e ‘3 Ut 0y

This then 1eads to the next step, dec1d1ng on the tech-
niques to be used in:rrounding:off, keeping ‘in' mind- that metric

. rates: must remain: as near the: customary ‘rates . as p0351b1e..a

An official 'of the- Ass001at10n of. Bmerican Railroads ‘told .

us that the number of 51gn1f1cant digits ‘used "in‘the’ roundlng
system could make the difference between profit and loss for
a shipment. Another official felt that there may be a need
to compute conversion factors out to eight decimal. places.%,

‘Once equlvalents are . establlshed ‘and the ‘rounding system
is decided, the-actual conversion would take :place. - This, -
among other problems, ‘would require recomputatlon of the
vast library of ratesand schedules, changlng records of -
the tare weight- ‘and capac1ty of frelght cars ‘and ‘motor car-,

.‘riers, reprograming of computers, and making adjustments to

marketlng and other statlstlcal programs.,

The "Off1c1a1 Rallway Equ1pment Reglster,“ wh1ch pub-f
lishes the 'inside-outside door opening- measurements and cubic
capacities of all- freight ‘cars, would have ‘to ‘bé converted. -
Publications which define package descrlptlons and - regula—*'
tions ‘and the spec1f1cat10ns for: shlpment of hazardous mate-
rials prescribed by the Department ‘of Transportation would
also have to be converted to a precise degree. Personnel
involved would have to be taught to understand metric unlts
as easily as they do the conventional ‘units of weights and
measures. These and the many other changes that would be
necessary could constltute -an enormous amount of work and
expense. z S - SR

There -are: many more people who shlp goods by’rall, a1r,
highway, plpellne, ‘etc., than there ‘are carriers. (No one
knows how many.) - It would be difficult to assess the impact
of metrication on these shippers. If metrication occurs,
all agreements will have to be reviewed by carriers and
shippers to account for the changes in units..
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Both carriers and shlppers have been ‘increasing: the1r
use of computers in tariff ‘computations. Computers are: belnq
used in ‘such areas-as ‘freight ‘tonnage, costianalysis, shlp—n
ment routing, bill of lading preparat1on, ‘and ‘payments. . -
Conversion would necessitate ‘programing changes to accommo- -
date changes in units, rounding problems, and other statis-
‘tical programs. A railroad rate bureau study stated that
if a rounding system .that :required more than-three digits
to the right of the dec1mal point: is adopted, their present

computer program package will-not accommodate-it, and to : -
change could:be:detrimental to the progress .already: ‘made

in computerization: i :The:study also stated that during the
transition period, it iwould be necessary ifor -computefs to': :-
maintain dual capablllty. This would be a problems  (See =
ch 18 for further dlscu581on of computers )

Although there s no estlmate of the costs of tarlff
conver51on, indications are that they: w1ll be : substantlal
The ‘work:involved would: ‘be: enormous. We- ‘could not - 1dent1fye
direct beneflts to carrlers ‘or shlppers from metrlcatlon of;
tarlffs./< coh men L ,

s can s A

MARITIME ACTIVITY

S In the United States the maritime industry is an es-
sential but: relatively small industry. Shipbuilding, for
example, ‘repreésents only about 1 percent of U.S. steel con=:
sumption: .-The industry: 1ncludes sh1p and terminal opera-=
tions, sh1pbu1ld1ng, marine equipment manufacture and. supply,
naval arch1tecture, and mar1ne and marlne related englneerlng.

The maritime 1ndustry has been confronted w1th a mlxture
of measurement systems. Some -components produced in metric

.countries have followed metric design although not always -

ST metr1c, they may be hybrid metric systems. Components

made iin other countries tend to be in inch design: -except for
parts, . -such .as bearings, that have been produced to interna-
tional standards.; There have been problems when parts made
in d1fferent units must be used togethér. The maritime in-

‘ dustry has also had to deal with a confus1ng varlety of

un1ts used in 1nternat10nal commerce.

Planned convers1on would be benef1c1a1 to the marltlme
industry in terms of (1) rationalized engineering standards--
the opportunlty to develop standards that reduce the number
of product sizes,. (2) reduced inventories--an opportunity

for cost reduction through 1nternat10nal standardization
of a smaller number of product sizes, and (3) coordinated

education and training--the opportunlty to eventually teach
one system rather. than both metric and customary.

-
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In mid- 1972 the Maritime. Transportation Research Board .
of the National Research Council, National:Academy: of 501--
'ences, began developing a. comprehen31ve plan for orderly .
conversion to-metric for:the U.S. marine industry.and those .
Government agenclesmconcernedwwith maritime matters. . Be-":: -
cause they felt that metrication was proceeding:at an.in-.. . -
creasing pace in the United States, the.Board agreed to
start with the premise that the United States would. soon
or eventually go metric.. - The report, consequently, dld not.‘
consider-the questions: - - i : _ . :

-—Should the Nation go metric°

.—-What are the beneflts and costs of U S. metricatlon i
. (e.g., the.extent to which conversion will enhance -
U.s. penetratlon of foreign markets;or;, conversely,: .
penetration of U. S markets by foreign exporters 1?2
‘ The report, "Maritlme Metr1cat10n°~ A Recommended 5
Convers1on Plan for, the U.S. Maritime Industry,W was: published
in December 1975 just after enactment of the Metric Conver-
sion Act; which of.course, does. not include a target period
or a-policy of. converting to. a,predominantly metric system,
However, it is still, except-for time frames, held by the .
Maritime Administration as: the metricatlon plan for the mari-
time 1ndustry. e St . Lo Cow

The report recommended a.conversion program: which dis-
cusses the organizations that-:make.up:the maritime industry,:
their 1nterdependenc1es, and- the recommended time pha51ng of
conversion to the metric system--soft conversion where necesf
sary, followed by hard conversion of design and manufacturing.
All activities, if kept on a tight schedule, were planned so
that conversion to. metric would be . substantlally complete
within 8 years. : : : S

We d1scussed the plan w1th an . off1c1a1 of. the Mar1t1me :
Administration, the agency which aids in the development,.«
promotion and' operation of the U.S. merchant marine service. -
He said that the report was a good one, but the time frames
recommended were not attainable because (1) the Metric Con-
version Act 4id not establish a mandate for metrication,

(2) the U.S. Metric Board had not. yet been established to
prov1de coordination, and (3): there has- been no marine ac-,
tivity in The American National Metric Council since 1974.
(We found that plans are afoot to reactivate ANMC's Maritime
Sector Committee with the American Shipbullders Counc11

as secretarlat ) :

The Mar1t1me Admlnistration off1c1al said that the U S ”
shipbuilding industry is very small by comparison with other
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industries and does not have theclout to force suppliers to
provide metric materials and supplies. ' He indicated ‘that the
industries which supply ' the maritime industry's needs’do not
seem to be: anxious to’change to metric.. The maritime 1ndustry
will have to wait until metrication is made economical to
these ' suppliers by other 1ndustr1es, such as the automobile
manufacturers. -In contrast, major foreign sh1pbu1ld1ng na-"
tions, such as Japan, Germany, and the Scandinavian countries,
have no- problem because their suppllers have metric capabil-
ity. However, their production is in CGS metric 1/ which dif-
fers somewhat from S5I metric.

The Maritime Admlnlstratlon believes that metrication
should come from within the industry' and not be pushed by
the Government. The Maritime Administration should keep pace,
coordinate, fac111tate, and a531st where pos51b1e.gvb

The Maritime Adm1n1strat10n had a flrm of mar ine consult-
ants develop a plan recommending the role it should play 1n
leading the marltlme 1ndustry 1nto conver51on. H

The plan, "Metrlc Conver51on Study for the Mar1t1me Ad—
ministration,” concluded that the Maritime Administration
should follow the spirit of the Metric Conversion Act, by
assuming the philosophy that “industry must: voluntarlly set
the pace in metrication. The role of the Maritime Adm1nls—»
tration, therefore, should not be one of forcing metrlcatlon
on the industry, but rather that of a“ ‘coordinating and- fac111-
tating agency. It estimated that to do this, about 28,300
staff hours will beé required over a period of at 1least 10
years. “We:' calculated that thlS would cost, including over- "
head, about $480 000.1 EIE T L ‘

The Nar1t1me Adm1nlstrat10n has accepted the lead role
and is in the process of drafting policy for action. ‘In im-
plementing this leadershi§ role, it expects to encourage
Government organizations which have regulations affecting
maritime matters to metricate them in support of maritime in-
dustry metrication efforts. The Maritime: Admlnlstratlon will
also give assistance to industry in 1dent1fy1ng and converting
standards, spec1flcat10ns, and manuals requ1r1ng change.

The Mar1t1me Adm1n1strat1on has already attempted to in-
fluence metric conversion in the shipbuilding industry by is-
suing both the "Standard Specifications for Tanker Construc-
tion" and the "Standard Specifications for Diesel Merchant

l/Centimeter, gram, and second are used as base unlts for

length, mass, and time.
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Ship Constructlon:

wlthﬂthe,equlvalent metrlc
units shown: N1 heses,

1nrdua1 unlts,

the plan the i
1ndustry 1s presen

'*features-—pum’ {
: Therefore el

for a long tlmeL
1ndustry uses only aboutwl
put; therefore, ‘1s”

the steel 1ndustry
little is being ir
try would be qu

are concerned w1th safety at sea, v A x
nav1gable waters of ;the Unlted States'

jThe Coast Guard ap-
and alteratlon of ves=
‘used in the construc—‘

proves- plans for
sels-

fdperatlons that may be

equipment; 1ssues permlts for vessei,
«S. Merchant Marlne off1-

hazardous;: and issues 11censes to
cers, seamen, and harbor pllOtS.'

The Coast Guard pollcy toward conver51on 1s generally
one of keeping pace with conversion in the- prlvate sector.
The Coast Guard plans to use: ‘metric 1n its activities con51st—
ent with the operatlonal, economlcal “technical, and safety
considerations: .which are in the best interests of the: service.
The system 'in which an item is: orlglnally de51gned is’ expected
to be retained. for ‘the life of the item unless conversion is
necessary or advantageous. When the item being procured is
a m111tary item without a commércial counterpart, metric -
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spec1f1cat10ns may be developed as the need ar1ses. ~(Dur.ing
time of war, the Coast Guard becomes a part of the U.S. Navy.)
Metrication -of ‘Coast Guard operatlonal act1v1t1es w1ll keep
We were adv1sed that in the Coast Guard the Office of
Merchant Marine Safety, would have.:.a major role to. play if~
regulations are changed to metric. ::Their. regulations cover
such things as allowable .boiler pressures, :strength -of boil-
ers -and tanks, and design. of cargo compartments for . transport—
ing ‘hazardous - ‘materials.. Metric conversion would call .for:
changes in these regulations. They are rev131ng older - regu—
lations which:need updating. :Metric:.conversion:-is being :
addressediin: all'neWrregulatlons. In many cases, the conver—
sion .is soft. "“If, however, regulations:are hard converted to

-metric,; adequate t1me must be allowed for shlpbullders to

incorporate -the new spec1f1cat10ns into- des1gns for rship con-

. struction. .- Hard ‘conversion ‘to SI units is. pendlngtansagree—

ment ‘in the International Marine: Consultat1ve Organlzat1on,,
a United Nations unit. Coast Guard representatives-are cur-
rently working through this organization to produce an equ1—
table and 1nternatlonally acceptable formula for convers1on.,

: The Coast Guard feels that trans1t1on to metr1c usage
will be evolutionary, 1nvolv1ng principally new :systems: and
facilities, and will normally ‘not “include the:redesignand -
modification iof existing systems.. Because ships have ‘an: ex-
pected life of 20 to 40 years, changeover will be slow. In-
dustry act1v1ty w1ll determlne the pace.-“*n“‘ ST

. Off1c1als at the Coast Guard Offlce of Boatlng Safety,u
wh1ch promulgates regulations ‘for the: equipment and opera-— -
tion of ‘pleasure boats, stated that: they also are not plan=:
ning to metricate these regulations until the boating. 1ndustry
takes the lead. -They also said that. there is 'no ‘advantage:i
for the Offlce of Boatlng Safety to change regulatlons now.

The off1c1als felt that the metrlcatlon of mar ine motors
is closely tied in with the convers1on of the automotive in-
dustry because most boat englnes are manufactured by that 1n—
dustry. They noted that two major forelgn ‘makers of marine:
motors..use ‘customary- spec1f1catlons in manufacturlng motors
for use in the Un1ted States.’ : ol - ,

The Offlcecof Boatlng Safety has recently rewrltten vl
regulations for marine fuel, electrical- systems, - flotation, -
and horsepower. : ‘The customary system was used. These offi-
cials said that changeover to metric would have required
massive changes in the technical parts of the regulations.
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Marltlme frelght rates

Although most rates used are based on customary measure-
ments, some of the conferences (groups of shipping companies)
are filing rates based on the metric system with the Federal
Maritime Commission.  The first conferences to take this
action were ithe New York-~based Far East Conference-and the
Pacific Westbound :Shipping Conference of San Francisco. The
shiplines in these conferences transport freight from the
‘United States to the Philippines, Cambodia; China, Thailand,
Hong ‘Kong,; V1etnam, Japan, Korea, Taiwan, -and Siberia. Met-
ric- rates were effective January 1, 1977. A conference offi-
cial said that:conversion .of rates to metric would have to-
be done 'sooner or later. The two conferences decided to do-
‘it ‘now. Under the change, ‘metric rates are based on a:ton -
(1,000 kilograms:which is equal to ‘2,200 pounds); or a volume
of 1 cubic:meter.  :Before the change, tariffs were :based on
the 2, ‘000-pound ton or 40:cubic feet. :‘Maritime carriers may
charge £or ‘a shlpment ‘on “a: ba51s of we1ght or volume, wh1ch-
ever: br1ngs in: more ‘revenue. . ¢ o R

‘Most shlppers st111 Shlp materlals in customary sizes
or welghts. However, ;the conferences' shlpllnes convert the
sizes and/or weights to metric. " ‘Exact equivalents are .used
and there were no increases in-rates. “Tweed's Accurate
Metric Cubic Tables" is the guldebook used at the piers to
convert all nonmetrlc welghts and 51zes to metrlc.

Representatlves of both conferences told us that rate
conversion was not a big problem. The conferences' statis-
tical .programs included all items for which rates were to be
changed. It was simple to analyze the items and make metric
equivalent conversions. A Far East Conference rate analyst

- took about 3 months to do the job. The Pacific Westbound
Conference took about 2 months to do its approximately 750-

page rate book. = The Pacific Conference estimated that
$50,000 was spent in the process, but most of this was ex-

'pended in having new rate books pr1nted and dlstrlbuted

The Federal Maritime Comm1551on told us they have exam-
ined the changes and found they complied with regulations.
The Commission's involvement entails examination of ‘the new:
metric tariffs to ensure that there are no substantial price
increases over the rates charged for customary shipments.

The Maritime Commission expects tariff conversion to continue
with the U.S. ships which carry cargo to foreign ports but -
remain customary for a long time for ships engaged in coastal
and domestic trade. This is another example of metrlcatlon
leadershlp by firms engaged in foreign trade.
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umr NO. 27 - FM.CNO.TO - | ORGREV. . PASE
© . 7] - 3rd Revised - 205 o
From UNITED STATES ATLANTIC and GULF PORTS . N CANCELS _ . | . PAGE
To: . YOKOHAMA, KOBE, OSAKA, NAGOYA & T0KYO, nd Revised {205
- MANILA, HONG KONG, KAOHSIUNG/KEELUNG - [ December 16, 1977
and BUSAN : —
For cpplucblo surcharges see page: 3 ‘and for rates to : CORRECTION NO. - 2937
) other ports see pages 38 thru 44. CANCELS CORR. NO. 1378

EXCEPT AS. OTHERWISE PROVIDED HEREIN, RATES APPLY PER TON OF 1000 KGS: (2204.62 LBS) (L
OR 1 CUBIC METER (35.314 CU.FT.) (M), WHICHEVER PRODUCES THE GREATER REVENUE. :

“C" . denotes "CONTRACT" rate; I “TAR” . denotes “TARIFF" rate.
) Group Potts =~ .1 o2 3 4 s
. Nagoya: 7 ' ¢ oo L R
) . . Yokohama )
Wl [ 1 S - Kobe: ; i A CEN
. . - . L . Osnka“‘ S . Kaohsivng
‘Comm o‘d i f'y e % “Rate Basis’ (Tol(ye i Manila . Hong Kong', Kulung Buson: Commodny Code
Corn Meal for Human Consumptwn wt? Sy [154 oo 1 "146.00 | 150.00 | 155. 00 | 148.00 0417 ozzo 09",
, ' Balers | A:C | 162.00 | 154.00 | 158.00 | 163.00 | 156.00 ',.1
Corn Meal, Donated for Relief or - |Wt _ Tar | 112.00 | 107,00 | 109.00 | 115.00 | 109.00 |047 0220 33 |-
Charity’ by United Statés Govern- " AT Tar | 117.00 '{'112.00 | 114:00 | 12000 | 114.00 '
“ ment Agencles ‘ . D ’ EEEE | (R
: Bags

Rule 28

Sorghum Grits, Soy Fortified, Donated [Wt _ Tar | 112.00 | 107.00 | 109.00 | 115.00 | 109.00 |047 0250 33
for Relief or Charity by United- - | - A: Tar | 117.00 | 112.00 | 114.00°|120.00 | 114.00 [ -
. States Governnient :Agencies: R s Lo o |- :

L 51 s

: : Bags
Rule 28
“Breakiast Cereals, Prepared for “[wt  Tar 135.00 |,127.00 | 131.00 | 136.00 [ 130.00 :048 113003

|- cooking, Except Rolled Wheat and - |~ A: Tar |7142.00 |°133.00 |"137.00 | 143.00 | 136.00
Bulgur Wheat - N.0.S., Donated for ; - '  EE A
Rehef or Charity
Bags
Rule 28

Bulgur Wheat, Prepared for Cooking |Wt ~ C | 127.00 | 121.00 | 123:00 | 130.00 | 123.00 {048 1140 00
: e T b A e | 133,00 [9127.000| 129:00 | 136.00 | 129.00 | s

A: Advance in Rates effectwe March 1, 1978 : CREDIT: COURTESY' OF THE FAR EAST CONFERENCE

PAGE FROM FAR EAST CONFERENCE TARIFF BOOK SHOWING
RATES BASED ON KILOGRAMS AND CUBIC METERS
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In domestic commerce minor: changes in. regulatlons will
have to be made to6 allow carriers to file tariffs in metric.
For example, one: regulat1on requires reports. on a-revenue ton
basis; another requlres small vessel: exemptlon expressed in.
tons and l1qu1d bulk exemption’ expressed in'gallons; and'still
another, ‘the Automobile Measure Guide, requ1res automoblle
sizes to be reported in cubic: feet.,u;.

ST. LAWRENCE SEAWAY '

, The St. -Lawrence- Seaway Development“Corporatlon of the
Department of Transportation operates and maintains, within
the territorial limits of the- United States, the portion of
the St. Lawrence Seaway. between Montreal and Lake Erie. The
Seaway is a network of nav1gable waters comprlsed of the St.
Lawrence Rlver and, the five Great Lakes and consists of some
9,500 square miles of waterway.i It prov1des access to 1mpor-
tant c1t1es from Mlnnesota to the Atlantlc Ocean., :

_ The Seaway Corporatlon began plannlng for metric conver-
sion in 1975. Because operatlon of the St. Lawrence Seaway .
is shared by the Corporatlon and the. St. Lawrence. Seaway Au-
thorlty of Canada, ‘the United States and’ Canada. are. .cooperat-
ing andicoordinating metric activities so that there will be
no confus1on among the workers, shlppers, and others who op—
erate or use. the seaway. :

As a consequence, thelr metrlc conversion activities
have. progressed somewhat- ahead of other- ‘agencies in the De- -
partment of . Transportatlon. At present, markings on the locks
of the Seaway, air and water temperature mon1tor1ng devices,.
water level guages, and tonnage tolls charged to vessels are

' belng changed. The Montreal-Lake Ontarlo map is also being

rev1sed to metric units.

‘ Although the Seaway Development Corporatlon already has
some capability for recordlng -water levels in metrlc, it must
dis